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LECTURE I 


SCISNTIFIC ATTITUDES IN GREAT. 
BRITAIN AND AMERICA 
: es 
Drs 2. R.. Moulton 


Permanent Sccrctary of the American Association 
for the Advancement of Science 


In the mditorium, at 5 o! clock Wednesday 
8th March 1939 


Even so simple a thing as the deseription of an object docs not 
depend upon the object alone. It reflects also the mind that makes the 
description. A tree, for example, to the hunter is a refuge for game. To 
the farmer it is a protection against winds anda source of shade. ‘The 
artist secs in it only a beautiful shape am a glorious color. The chemist 
regards it as an aggregate of complicated molocules that might casily be 
broken down into a ¥ew kinds of atoms. To the physicist it is a skeleton 
framework of electrons and protons. For the biologist it is a link ina 
chain of evolution that reaches back to the lowly beginnings of life. Thus 
each picture of a tree is in part a reflected image of the mind that 
describes*it. 


In tne more complicated task of interpreting human attitudes and 
actions similar reflections of the interpreter's mind largely determine 
the form and color of his:picture. Who, for example, was Napoleon and what 
were his motives? To many he was an inspired genius who gave a new meaning 
to the word glory. To others he was an ambitious and heartless madman who 
wasted the blood of Frence from Italy and Egynt to Russia and Waterloo. 
To others he was a crusader who carried ideas of liberty, equality, and 
‘fraternity throvghout Europe. To every mind he was different, and is even 
to this day, although he may now be viewed in the perspective of a century 
of history. And so every opinion depends in part upon the object or sub- 
ject considered and in part upon the person making the judgment. There- 
fore when I undertake to describe the recent attitudes of sciontists in 
Great Britain and America, it should constantly be remembered that 
incvitably I express in part my own mind, determined as it has been by 
inner ivence ond all the“experiences of life. 


There is obyiously no unanimous attitude of scicntists at presont 
nor has there been at any previous. time. They are as different individual- 
ly as their inheritances and environments have been. Yet statistically 
there have been and doubtless are tronds in their attitudes. At first this 
statement may appcar hetcrodoxical, for traditionally science is supposed 
to be purcly objective, to be the pursuit of truth for its own sake. Yet 
it has not been created by intcllocts that wero indopendent of their 
environments, Science is tho product. of imperfect and biased human minds 
and partakes of their imperfections, especially in its interpretations and 
applications, Consoqently, tho problem of determining sciontific attitudes 
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is one that is incapable of solution in any exact sense. 


For present purposes it will be convenient to divide the history | 
of science into three periods, the first extending from its anciont bo- | 
ginnings down to the World War, the sccond covering the decade following | 
the World War, and the third the past ten years of depressions and 
recessions. There has been a somewhat different general attitude of 
scientists toward science and the problems of mankind during each of these 
periods, And reciprocally, in each of these periods there has beon a some- | 
what differont attitude of the world toward scicncc, In order to sot 
forth the »vresent period in clear relicf a fow commonts on the earlicr ones | 
will be advisable, | 





It has rocently been maintained, particularly by Hogben, that 
Science has srown up in response to definitely rocognized necds, These 
needs have been described in terms of the work of the world--the problems 
of providing food and shelter, of travéling from one place to another, of 
moving heavy bodies, of defense against enemies. That such needs have in 
many instances led to experimentation and invention can not be doubted. 
But that they have been the primary motives in the fundamental advances 
in science is questionable, As may be illustrated by innumerable special 
examples, tho real urgo to discovery has often boon in the restless and 
inquiring mind of man, as it has been also in the creation of philosophies 
and theologies. It is certainly true that most of the great discoveries 
in science long lacked applications to the practical affairs of life. Lest 
the example of geometry be cited in opposition to these statements, I 
promptly admit that some of its propositions were undoubtedly useful in 
determining the boundaries of overflowed land after recessions of the Nile; 
but at the samc time I insist that most of the propositions of geometry 
were never used in such simple problems, as indeed they are not at this day. 
The work of Euclid was crested primarily to meet imperative demands of the 
human mind. For the same reason the Greeks investigated and described the | 
beautiful properties of the conic sections, which had no practical applica- 
tions until the time of Kepler nearly two thousand years later. 


One of the great milestones in the progress of science was the 
development and the acceptance of tho holiocontric thoory of tho solar 
system. Copernicus did not spend many years of laborious computations on 
the motions of the plancts in response to any necds of the world about 
him. Instead, in order to avoid trouble he withhold the publication of 
his manuscript until the ycar of his death. Galilco did not maintain that 
the carth revolves around tho sun for any practical purpose. On the 
contrary, ho was branded as a horctic and compelled in his old ago to rocant 
and to Lea the truth of his teachings. Although the correctness or falsity 
of the heliocontric thoory had no bearing on any practical problom, the 
work of Copernicus and Galilco changed the whole world. Man was takon from | 
his proud position at tho cater of the universe and placed on a relatively | 
small satellite of the sun. It was not until after a bitter struggle 
continuing for more than a generation that he finally realized and admitted | 
how humble is his abode. And he was cqually slow in realizing that in this 
change he had risen to an eminence of understanding that much more than 
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compensated him for the rolative insignificance of the carth on which he 
lives, 


avery great advance in science has been due primarily to a curiosity 
that would not be denied. It was so in the case of Newton's discovery of 
the law of gravitation and Laplace's theory of the motions of the heavenly 
bodics and Dalton's atomic law and the law of the conservation of energy 
and Hutton's history of the carth and Darwin's organic evolution. It is so 
to a large cxtent at the presmt time. Otherwise why should six million 
dollars be expended to construct a larger telescope than any now in oxistenco? 


Down to the time of the World War science was cultivated primarily 
for the purpose of learning more about the universe of which we are a part. 
In this period one seldom finds in the reports of scientific meetings 
references to applications of new discoverics to practical affairs. More 
oftcn a scientist boasted that his work was useloss. In the boginning of the 
twenticth century the sciences were subdivided more and more into narrowly 
restricted ficlds, Those became the days of specialization and of "learning 
more and more about less and less." It is with no disrespect that I speak 
of them in this manner, The emateur spirit prevailed--the making of dis- 
coveries for the sheer joy of doing it. Hagerly mon learned of \X-raysywi th- 
out asking whether they migut be useful; of the disintegration of radium 
without caring what might be done with its radiations; of chromosomes and 
genes simply that they might understand how a stream of life maintains its 
identity; of the cosmic rays, interesting becmise they wore new messengers 
from inaccessible depths of space, Like schoolgirits joyously scattering 
garlands of flowers on a May day, scientists bestowed their rich treasures 
with prodigal hands on one another and on all mankind. 


Then the World Yar came. The applications of science were quickly 
turned to destroying nroperty, to taking human lives, to striking in the 
dark, to starving the defenceless, to. the production of chaos. In this 
horrible work many scientists played distinguished roles. Eventually human 
endurance was exhausted and the war closed, Then men and women turned to 
pick ay araim the (threads of. their lives; but) found themselves in a dite 
fercnt world. It was not simply a somewhat different world. It was not 
Simply different politically, for that alone would not be important. There 
were oroken homes and wrecked lives and international hatreds and vain 
longings for those who would not return. Although there had been in- 
numerable examples, in homes as well as at the front, of bravery and 
fortitude and a generous spirit, still something fine had gone out of 
the world. And the attitude of sciencc, too, had been substantially 
changed. 


During the decade following the World War the amateur spirit of 
Scicnce on the whole declined. Might was placed on a pedestal--not 
indeed the might of war, for thc world was weary of fighting, but the 
might of mass production and accumulation of wealth. It was universally 
recognized that only scicnce and its applications could provide the means 
for an enormously increased production. Therefore, scicnce was oxalted 
for utilitarian reasons; the scientist became a minor hero; the position 
of scignce in the universities was raised, and industries youred money into 
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research laboratories. <A glorious millenium, created by science, scomed 
about to arrive. If ever in history science was cultivated for utilitarian 
purposes, it was in this period, especially in the United States. 


There have been important differences between the attitudes of 
Scientists in Great Britain and this country in the decade that followed 
the World War. Great Britain emerged from the war oxhausted, and she 
passed through a period of stagnant industry: and severe social unrest 
comparable to that which this country has experienced during the past six 
or eight years. Consemently she did not have a silk shirt era nor one of 
exuberant production and speculation. There was more time and disposition 
for reflecting on values. Attitudes toward science and philosophical specu — 
lations respecting its nature often appeared and seemed strange to Americans. 
In this period suggestions were made that scionce be halted for a time until 
the world should catch up with it. Now, since a depression has sottlcod down 
upon this country like a cold fog, the same suggestion is heard here. There 
appeared sometimes during these years a mysticism in the science of England, 
perhaps for the first time in its history, a tendency to find reality only 
in the mind, One writer even went so far as to infer from our pitifully 
limited knowledge of the physical universe tho nature of the mind of God 
and to suggest that it is mathematical. 


Even if American scientists had not a little later claimed to base 
certain theological doctrines and the freedom of the will upon the “uncertainty 
principle," we ought not to be surprised at this period in the science of 
Great Britain, for she suffered much during the war. Nearly every British 
family mourned the loss of a relative; the burdens of caring for her maimed 
and broken were heavy; and the future contained no bright promises. Under 
these conditions it is not to be wondered at that one eminent scicntist, 
gricving for a son lost in the war, should have been confident of being able 
to communicate with the spirit world. Thus during the decade following the 
war it was widely believed, esnecially in the United States, that science 
would orovide easily and abundantly for all the physical wants of mankind, 
and both in Great Britain and this country that it would furnish a new and 
sound basis for a theology differing not greatly from that which had previously 
been a ee Ota 


Confidence that science would save the world in these simple ways 
was soon shattered. The disillusionment was distressing. That which 
appeared to be a solid foundation had failed. Since realizing the situa- 
tion we have been frantically grasping, like a drowning person, for help 
from cverything within our reach whethor a life prceserver or a stone. We 
hear that science causes unemployment and hunger and want, that it makes 
the rich richer and the poor poorer, that it destroys religion and promotes 
intemational strife; and on the other hand, we hear that we suffer because 
of lack of science in business and Sek gol abel and that scientists should 
run the world anos a change. 


All of these statements are rather naive and most of them have 
often been refuted. There is probably a lack of science, or at loast of 
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methods charactoristic of scionec, in governmont, for oxample. But that 
sciontists could promptly improve on the managemont of business or the 
carrying of goyernmental responsibilities is a more than doubtful assumption. 
Scientists have the same general inhcritances as other men, their cxpcericnco: 
of childhood are similar, they take the same courses in the sccondary 
Schools and most of the same courses in the colloges, they have the same 
various political and religious beliofs, thoy have similar hobbics and 
rocreations, thoy are in every way essentially tho samo except in their 
specialitics. What reason, then, is there for sunposing that scientists 

are particularly qualificd to manage the world? No more reason than to 
assume that a botanist would do bottor than an ongincer as tho managor 

of a manufactory. 


Fortunately it is being realized that science is neither the principa: 
cause of the ills of mankind nor a simple cure for them. Science has nad 
an enormous influence in the world. On the one hand, it saves human life; 
on tue other, it provides new means for its destruction. On the one hand, 
it increases the productivity of the individual; on the other, it makes him 
more dependent on his neighbors. On the one hand, it removes superstitions; 
on the other, it raiscs now fcars. Every advantage it provides is partially 
offset by some new problem it raises. Evory direct disadvantage is at least 
partially compensated for by some. beneficial effect. Science permeates 
every human activity and influences cvery attitude. Naturally any simple 
statoment about its effects and how it should be diroctcd is imperfect. 


Within the past few years great interest has arisen concorning 
intcrrclations of scionce and socicty. The first comprehensive statement 
of the problem was by Lord Stamp in his presidential address of the British 
Association for the Advancement of Science in 1936, His approach was not 
that of the narrow specialist in science, nor that of a man who regards 
Science simply as a means of accommlishing more effectively something in 
which he is interested. With a background of an immense experience in 
public life and in the directing of great economic forces, and with a 
wide acquaintance with science as well, he set forth the complexities of 
the political, economic, social, intellectual, and emotional problems of 
modern life, Instead of suggesting any ready panacea for present ills, 
he advocated thorough and prolonged investigations of the interrelations 
of all the forces, including scioncc, that. are important for the civili- 
zation of our day, 


The avproach of Lord Stamp to tho probloms of scicnce and socicty 
is cminently sound. It is, indeed, the scientific approach tho method 
of which is first to cstablish a sound factual basis and thon procced to 
generalization and conclusions, Within a fow months after the address of 
Lord Stamp a scrics of conferences on science and socicty was indepondontly 
planned by the American Association for the Advancoment of Scicncce, under 
the direction of Dr. Harold G. Moulton, Presidont of the Brookings Insti- 
tution of Washington. These conforoencos, two of which have been presented 
at mectings of the Association, were planned to develop systematically all 
the orincipal interrelations of science and society. The first one on 
fundamental resources as affected by science covered the enormous increase 
in usable natural resources due to science, An illustration is the 
inexnaustible supply of nitrates that can now be produced from the nitrogen 
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in the air. The second was on world standards of living as thoy cxist 
today and: as they promise to be in the future as a consequence of science. 
The third, to be presented in Junc, will be on tho interrelations of 
scionce and the machinery of the cconomic systom. Tho fourth will be 
on the interrelations of science and government, and the fifth will be 
on science and human beings. Thus the climax of the series will be on 
man himself. In the course of a long time, of the order of a million 
years, man has risen from the level of the higher anthropoid apes. Now 
a new and more potent influence than any in the past has suddenly become 
a factor in his evolution. The question of its long-time effects on the 
individual man as a thinking, moral being is perhaps the most intcresting 
one that has ever been raised. Its answer depends on all the great 
principles of scicnce, such as the thoory of cvolution, and it involves, 
too, all the past of socioty and all the future of everything in the 
world. 

Thore is so much in common betwecon British and Amorican scicnee 
that a fow months ago reciprocal relationsnips, involving an coxcnange 
of ominent lecturers on alternate years, were entered into between the 
British Association and the American Association, and it is hoped that 
Similar relationships will be established with other scientists through- 
out the world. But these methods are too slow for many ardent spirits. 
With the world apparently about to burst into flames they can not wait. 
They hope to save civilization by prompt action. To provide them with 
adequate machinery, the British Association at its meeting last August 
organized a section on the social and intcrnational relations of science. 
Under the organization of the Amcrican Association such a new division is 
not necessary. In both countries other groups are being formed, their 
members often being fired with the zeal of crusaders, Though they may 
be disappointed at the slow improvement of socicty, their motives and 
efforts are highly praiseworthy. They will at least force on the attention 
of the world the fact that science and its applications have become sudden- 
ly perhaps the most powerful influences: affecting the future of civiliza- 
tion. The mere realization of this fact will stimulate reflections on 
the question of human destiny, not in the minds of philosophers alone 
but also widely in the minds of common men. These reflections will 
lead to conceptions such as not even philosophers in earlier periods 
have held, for they will be harmonious with the background furnished 
by science--a lawful universe, the long zeological ages since the earth 
was young, the slow evolution of life and intelligence, the prospects 
for an indefinite future of the carth as a place suitable for the abode 
of man, 


But in the meantime civilization appears to totter on the drink, 
though probably its recuperative powers are cnormously greater than 
pessimists suppose, Certainly it has rison far in tho past hundred 
thousana yoars, and certainly it falls very far short of ideals we can 
easily formulate. The problem is to detcrmine what we should do to save 
what is best in the past and to achieve what is most oromising for the 
future. 


It may appear to be an anticlimax to turn our attention for a 
moment from world proolems and a feeling of personal responsibility for 
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civilization and think simely about things which are more nearly under 
our control as individuals. If any considerable fraction of men should 
cease attempting to tell others what to do, and, instead, should search 
for defects in their own minds and hearts, the future of society would 
immediately be brighter. But this is not the way the human mind normal- 
ly works. It desires to make the world conform to its own pattern. For 
this reason it is supremely important that there should be developed in 
the backgrounds, of the minds of the masses of men a broad gencral 
philosophy that will be beneficial both to individuals and to socicty. 
“In the development of such a philosophy scionce can porhaps make its 
ercavcst contribution to the progress of civilization. 


As a matter of fact, sciconce is based upon a principle of such 
profound significance that if it should become firmly cstablished in 
tho intclloctual constitution of the masses of men tho world woult be 
transformed, That princivle is simply that the universe is orderly. 
This statement means that there are repetitions among the constituent 
units, such as atoms, of which it is composed and that natural phenomena 
succeed one another in orderly sequences. A less cautious and perhaps 
more naive statement of the »rinciple is that the "law of cause and effect" 
is always fulfilled. [Jn order not to imply any control or compulsion by 
an unknown power, we shall rotain tho more oxplicit statoment of the 
principle, a very condensed form of which is simply that the universe is 
ordériv. 


Every scientist will readily agree to the statement that tne uni- 
verse is orderly, and so will most other persons. Sut do such acquies- 
censes mean that the principle is really an essential part of the  intel— 
lectual constitutions of those who make them? Or are they somewhat 
thoughtless assents to an oft-renceatcod formula? The lattor is undoubtedly 
generally the caso, The conception that the universe is capricious 
probadly nad its origin in the apparently capricious actions of many of 
our fellow mon, In their livos they apparmtly oxhibit the power of 
arbitrary decisions that we feél strongly we also possess, But 
this sudconuscious feeling that the universe is not completely orderly 
does not rest alone upon ovr experiences as individuals. It has been 
bred in us in the lives and the beliefs of thousands of generations of 
our ancestors. It is crystallized in the earliest legends and mytns 
that have come down to us, according to which the heavens above, and the 
mountains and the sea are nooovled by captious gods and goddesses who 
must oe nmumored and often appeased. Not only our folklore but also our 
literatures aro lergely made up of it. Road, if you will; Milton or 
Shakespeare or the sacred writings of any theolosy, with the supernatural 
amd tic miraculous on overy pagc. Liston to the fairy tales that are told 
to our children, to the storics of ogres and goblins and witches that 
poison their young minds, If a voice is raisod in mild protest against 
such misdirections of budding intclligencc, it is suppressed and stilled 
‘by spocious defenses of tho folsohoods that are told thom. More thar 
half of the cducation in ovr schools and colleges accopts as normal 
and true things that are directly contrary to the vory basis of scioncc. 
It is not strenge, therefore, that cvon the sciontist is often wholly 
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unscicntific excopt in his own specialty, and it could not bo oxpacted 
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that the mass of men should have an abiding faith in tho invariable 
ordorliness of the univorsc. 


This subject that we are considering is not one simply of idie 
curiosity: it is the very basis of intellecual integrity. A mind with 
an unwaverins confidence in the orderliness of the universe is a stranger 
to superstitions and is harrassed by no fears. It places no trust in 
magic and does not believe it has a lucky star. It is not harrassed by 
doubts and uncertaintics, for it doos not sail on an unchartered sca. It 
serenely accepts life and rejoices that there is no chaos with which it 
must contend, 


Up to the present time scicnce has had its most important cffects 
upon the »hysical aspocts of our lives. It is truc that it furnishes us 
morc leisure, mostly to do moro of the things wo had previously been 
doing; it makes available more books to read, but largcly of the kind 
we had read before; it tolls us storics of now wondors, but too often 
as having been discovered by some sort of magic; it represents scicntists 
as boing wizards and magicians rathor than as shining cxamplcs of com- 
pletely honest minds; and it sometimes claims that it can be mado the 
basis for such non-scientific things as theolozital doctrines. The first 
acuto need is for scicntists thomselvcs to become strictly scicntific, 
not only in their special ficlds but also in their ontire lives, Thoy 
who are thorough and cautious where they are experts should not be rash 
and dogmatic where they are amateurs. The second is to instil the 
essence of the basis of science deeply into the minds of the masses. 

This is no easy task, but when it shall be accomplished in some distant 
future, the human race will approach the millenium. I fear that until 
the essential basis of science, that is, the orderliness of the universe, 
shall become an ever-present part of the intellectual lives of men, the 
foars and unccertaintics that now disturb thom will not completcly pass 
AWAY e 


In rocent years thore has been a substantial oxtconsion of the 
founaations of scionce,. Tho OF EOE ee mg note totore considered has per- 
tainod to cach individual unit, smchas aplanct in tho solar system or a 
molecule in a gas, even though its behavior denended wr0n many other 
units, Thus the motion of each planet can be predicted though it depends 
upon the attractions of all the other planets, and the motion of each 
molecule in a gas depends similarly woon its encounters with other 
molecules. 


There is, however, an orderliness in great agererates of similar 
units that is simpler than the ea ene de that pertains to any onc, of 
them alone and is often much more important. Let us at once consider 
classical example of it, the problem which perhaps more than any other 
directed attention to has order in aggregates. Hvery one knows that a 


gas, suca as the atmosphere in a room, is composed of innumerable molecules, 


It is imoossible to determine where any particular molocule is at any 
time and.at what volocity it is moving. Evon if its position and 

velocity at any instant were ziven us, we could not follow it in the , 
future because of the mathomatical complexities. Therefore in a sense 
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the molecules in a room are a porfect oxample of chaos, the future of 
every one of them being wholly unpredictable. In order to make clear 
the completeness of this chaos, let us assume that the motions of our 
earth and of the larger things on it are also not only indeterminate but 
what would appear to us haphazard. Then we should never know but that 
the earth might some a plunge directly toward the sun or shoot off 
into ee night of space. A river might start to flow from the sca up 
toward the mountains, a erick dropped from a window might dart up into 
the clouds. Of course, we can not really imagino any of these things 
hap ening because we understand the orderliness that is in the motions 
of the carth and the largor things upon its surface. But tho crratic 
behavior that has been assumod is not greatly differont from that which 

exists in the molecules of a gas. Nor is it essentially different from 
the chaos that is tacitly and peevery accepted by those who place trust 
in any kind of luck or magic. 


Yet a gas has many properties that are as determinate as those 
of a brick. These properties depend upon its total mass and volume, 
‘the masses and numbers of its different pee of molecules, the energy 
whicn it contains, and the ways in which it-esains or loses energy. Let 
me enumerate some of its detcrminate ce Se Its total mass remains 
unchanged; the ttinds and provortions of its molecules remain constant, 
except of course when there is chemical action; the average of the 
Squares of the velocitics of a molecules is proportional to he tem- 
perature and can be determined (about 1500 feet per second at th 
surface of the earth at 70°). the average of the saquarcs of the 
velocities of its different Scoacndl of molecules are inversely propor- 
Vional to thoir molecular weights; the pressure oxerted by the gas as 
a whole and by cach of its components scparatcly is definite and dotormin- 
ables and the changes in its tomperature when it is compressed or’ per- 
mittcd to expand can be computed. If our interest wore limited to these 
properties of a gas it would appear to us as orderly as a planet. 

A strange thing has happened. We have found order in what 
appeared to us to be a chaos. This phenomenon is not exceptional. 
On the contrary, it is very common, perhaps universal. It appears in 
vital statistics and is the basis for mortality tables, It is seen 
in tne rainfall for a continent, the chemical balance in our blood, the 
properties of atoms as described by the new statistical mechanics. It 
plays as conspicuous a role in certain important ficlds of science as 
the laws of motion and the law of gravitation did in another ficld in 
the days of Newton. 


The fact that order has boon obtained in some cases out of 
what . appeared to be a chaos nas often led to misconcoptions concorn- 
ing the nature of the phenomenon. There is an almost irrésistable 
tendency to express the results as an average and to apply them to an 
individual case. For example, a man at seventy years of age counts 
rather confidently on a certain number of years of life because of the 
figures given in mortality tables. The results, however, do not pertain 
to individual casos, but apply to aggregates as wholes. Whon this funda- 
mental fact is ignored crrors may be committcd. In recont years we have 
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heard much of the "uncertainty principlo" and of repeated suggestions 

that it lays a foundation in physical scicnco for tho freedom of the will. 
Such suggostions are based on misconceptions of the nature of the process 
we are considering, and on misconceptions also, I think of the real 

naturo of tho "uncertainty principle." Last summor at the mcoting of 

the British Association for the Advancoment of Scionce, Dr. 0. G, Darwin 
described it briofly and accuratoly whon he said that it is a statoment 
that docs not pertain so much to the future of a particle as to uncertainty 
regarding its prescnt position and motion. Such sweeping conclusions as 
the freedom of the will can not bo legitimately drawn from the uncortainty 
principle. To attompt to do so is to abandon scicnco. There is no reason 
to belicve that something can be obtained out of nothing, cvon by averaging. 


Howevor, I must not lot this dizroession divert our attontion from 
what is most important in tho mattor under discussion. There is a 
relatively now sciconco of aggrogates which has techniques all its own. 
It appears at the atomic and subatomic levels in physics. It is found 
in probloms relating to the cquilibria of solutions of various substances. 
It is involved in all auestions concerning populations and cconomics. 
It is basic even in discussions of the evolutions of systoms of stars, 
The foundations of this new scicnce of aggrogatcs rest in part upon what 
is known as the theory of probability. This torm unfortunately suggests 
the word "chance," and on this word ride all the fond superstitions wo have 
inhorited and acquired. But this new aspect of scicnce opens no door 
to a chaos, Instead, it adds to the rathor sovere orderliness of indi- 
vidual units the richer order there is in aggregates. 


On the whole, science in the past has been analytical, but now 
its snytheses are rapidly becoming more and more important. As illus- 
trations, a living cell is much more than the sum of its molecules, 
just as a word is more than the sum of its letters; a man is much more 
than the sum of his cells; and society is more than the sum of the 
human beings of which it is composed. A living cell depends upon its 
molecules, and those unstable organic molecules depond upon the con- 
tinued life of the cell. Obviously a man depends upon his colls and 
they depend wpon him. If he has in his body tho wild colls of 
carcinoma, they destroy him; if he dics, all of his eclls dic. And 
it is similar with society and the individual human boings of which 
it is comnosod., Since thoy aro mutually dependent there is no par- 
ticular point in raising the question whcother individuals exist for 
the statc, or whethor the state oxists for individuals. Thoy have 
different and non-compoting functions, but cach desonds essentially 
upon the other, What is immediately advantacocous for ono may or may 
not oc advantagoous for the othor, for very complex reciprocal rela- 
tions are involved, This is ono roason way opinions respecting 
govormmental policics so ofton disazreo. 


Science has proved that the universe is very complex. Even 
an atom is a highly organized compound unit whose structure and 
properties are only bezinninz to be understood. As yet we have only 
rough sketches of living cells, while the complexities of all higher 
forms of life are beyond imagination. There is no probability, there- 
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fore, that any magic formula for curing the ills of society will ever 
be invented. It will not be invented in England or the United States 
or anywhere else in the world. This outlook would be discouraging if 
it were not for one thing, and that thing is the orderliness of the 
universe. The relatively simple order that prevails in the fields of 
inorganic chemistry and physics will make »ossible undreamed-of dis- 
coveries and technological applications. As the more complicated order 
in the organic world gradually becomes better understood living organisms 
will probably be designed and constructed as organic molecules aro at 
present. When we come.to the question of human beings and human socicty 
we hesitate, overcome with emotion at the significance of the problem, 
as Newton hesitated before completing the computations that verified his 
theory that the earth's gravitation controls the moon. Newton found that 
he motions of the moon are orderly, though enormously complex. We are 
confident that the universes of human minds and human society are orderly 
in the new statistical sense. To quote the title assigned me for this 
address, this is "the most fundamental type of thinking among present 
day British and American scientists." It is fundamental because it 
guarantees us that there is a sure road, though it be long and difficult, 
to levels for human beings and civilization that are at present incon- 
ceivable. Let us believe this with all our hoarts and live it every 
moment of our lives and teach it to our follow men. 
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SEMINAR 
following the lecture by Dre Moulton 


Office of the Under Secretary 
Thursday morning at 9 o'clock, 9th March 1939 


Syllabus 


Where is science going, or is it going where we direct it? How can it 


‘be Wirectedat--P.’ 13. 


What is the origin of the urge to pursue a scientific investigation? 


&e Social needs--Tuckerman, pe 14; see also the reference to 
Hogben on pe 2. . 


be Curiosity=-Moulton, pp. 15, 23; see also the lecture, pp. ee 
Ce Both=--Seeger, ppe 16-17. 


How can a scientist be a useful influence in the community in matters 
that require the specialized training that he can furnish? Pp. 14-17. 


Is science an aggregate of facts, or is it a method? Pelé. 


One of the most useful things that scientists can do is to develop 
complete intellectual honesty in all matters that they deal with. 
Pe. 18; see also the lecture, pe 8. 


What is the most fundamental postulate of modern science? 
ihe universe is orderly. Ppe 18, 223 see also the lecture, pp. 7; 
oe, de 


Science has had an enormous influence in the world, but it is not the 


principal cause of the ills of mankind nor a simple cure for theme 
Pe 223 see also the lecture, pe 5-e 


Proceedings of the Seminar 


MR. WILSON: We are glad to see so many of the scientific people 
here this morning. These seminars will be held weekly following 
each of the ten lectures, and are to be confined primarily 
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vO ‘the discussion of scionco, «I an *sure that they are going to be 
very helpful ‘to all of us who havo something: todo with sciontific 
‘politics of the Dopartmont of Agriculturc, Thoso seminars will 
dejl.prinarily with the physical and: biological sciencos, We arc 
pleased that sone of the scientific people from the lational 
Bureau of Standards, the Carnegie Institute, George Washington 
University, and otler branches of the Government are mecting with 
us, and ve hope that they will be with us during the entire course 
of these seminars, 


Dr. Moulton, in these seminars, we. don't try to argue to try 
to convince the other fellow, but we try to think together and 
et the issues out where we can see them and compare them and try 
vO understand them. We try to proceed on the basis of group think- 
ing rather than as a debating society. Iam sure that we were all 
very much stimulated by your address of last evening. You have 
opened wpa mumber of things that the people in this seminar will 
probably want to discuss during the next ten weeks... Let's have 
somebody from tho physical sciences take the bat. Dr. Deming; you 
are a physical scicntist. 


Di, DEMING; A thovght cones. to ne, borrowed from art.» 1 
have long been an ardont student of one of the arts (music), yet TJ 
have nevor studied about art; but they tell me that in art somo 
people hold the view that the aim should be not just to portray life 
&@s it is but.as. it, ought to bec --.in other words, to.change it. 
Just lately I was reading a statement by a modern composer (Shostaixzovich, 
I think) who said "There can be no music without ideology. Tho old 
composcrs, whether they knew it or not, were upholding a political thoory. 
Porhaps: there is a lesson there for scicntists: maybe thero is no 
sucn thing as science without an interpretation that must change 
Nan one way or-another, Now Dr. Moulton said yesterday that at the 
beginning of science, there was no thought of application. It may 
be, though, that inevitably the thoughts of man in science must 
lead to applicationsof science, for either his happiness or his 
cestruction, If that is so; where is science taking us? 


No, 1 can't ask where is science going, because it it going 
wherever we direct it. The question is, how can it be directed? 
Mhere is.a lesson in.a curve. Think of a continuous curve in the 
xy plano. Now the fact is that over the range in which that curve 
igs defined analytically, any point can be found from certain oroper- 


ties of the curve at another point,,i.6., from its position and how 
it is changing direction, It may be that what science is to be in 
the future.is contained right here at the present time.in what we 


are doing and in the way that we direct it. 


Another question is how can men of science make their 
training t ff me thing ther staan in the daily work.of,xrc- 
training count for something, o han in tk dal 5 x 
search? Just last night Dr. Tuckerman and 1 were wondering how 
nen of science can bo useful, factors in tho community. Can thoy do 
it of their own will, or should they wait until their advice is 
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sought? I am wondering if Dr. Tuckerman would be good enough to 
tell us this morning some of bind things that he told me last night. 


DR, TUCKERIAN (ie tiene! Bureau of sta danetn I want to 
raise one question that stuck in my mind after hearing Dr. Moulton 
last night -- his statement that the early aspiration of science 
was not practical utility.* My feeling has always been that every 
science has grown out of a human need; but the human brain getting 
started won't stop with just the practical answer, One of the 
things that the speaker said was that astronomy grew out of meré 
curiosity. Rather, it grew out of the attempt to predict human 
lives by astrological means. You read that in the old Babylonian 
tablets, where there are calculated horoscopes for finding out how 
human lives shall go and wmt your life is worth. Geometry arose 
ina similar manner, 


The basic drive in science, it seems to me, has always been 
human necds, That is, we want to do something and we try to find 
out how to dotit. Then we get interosted in the relationships we 
find, and go beyond the answers to our needs, Archimedes, I think, 
is a beautiful illustration, his mechanical problems, and so forth; 
you find that he pursued his mathematical relations far beyond any- 
thing of practical need, 


What are scientists going to do to make either their lives 
better or the world better, or to influence things? I have tried 
hard to see wherein scientists as scientists are going to do much 
more ina community than men as men, Maybe they can. I was just 
thinking about some of the attempts I made to use my scientific 
knowledge in the days gone by to affect the life of the community 
in which I lived. That was out in Lincoln (1906-19), For in~ 
stance, I found that the secondaries of the transformers in the 
town were not grounded, and I was more or less surprised to find 
that such a dangerous situation shovld exist. I thought maybe I 
had better do something about it. Then I found that as a scientist I 
might know that the secondaries of the transformers should be ground- 
ed, but, as a man, I didn't know how to pursuade the electric light 
companies do it. I tried my best. I was called a fool: I was called 
everything on the face of the carth, and finally a man was killed 
out thore. I seized the opportunity of asking before the Rotary Club, 
how many more people in ‘Lincoln were to be killed. Well, I lcarned 
one thing, that though I accomplished my purpose, I did not know how 
to do it without making’ enemics, I made some vory bitter onemics, 
and that bitter enmity was reflected later on when some of the men 
whom I had opposed saw to it that I was tried as a traitor to the 
United States. 


Now, what can a scientist as a scientist do? Does he have 
any special ability in shaping people's thoughts? As a scientist I 
can answer a technical problem in my field that is put up to me, but to 
force my tecnnical knowedge on the world at large in trying to make ny 
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world better, how can I do it? I thought I would be something of 

a politician, so I joined the local Democratic Club (laughter). I 
served as judge of elections, I went around’and circulated a refer- 
endum petition, and brought home the bacon from Omaha. Thus we got 
our referendum, but I made more enemies, and in the meantime I was 
becoming a poor scientist, I learned that I had very little ability 
to persuade people. Having learned my lesson, I thought I had better 
try to be a scientist instead of too much of a human being. Was I 
right or wrong? That is a problem scientists have to face. 


DR. DEMING: Ifa scientist becomes an administrator, 
must he necessarily lose his technique as a scientist? 


DR. MOULTON: My observation is limited. While I was in the 
University of Chicago thirty years, I avoided all administrative 
things that could possibly be avoided. I don't think a scientist's 
ability deterioratés when he becomes an administrator, but his time 
is often taken up by trivial things -- very trivial things. He 
answers the telephone thovsands of times. He talks with everybody 
about things of no consequence, 


QUESTION: Dr. Moulton, assuming that there has been a 
change in the incentive of scientific research*, what effect will 
that have on our basic scientific discoverics, do you think? 


DR. MOULTON; You mean now the utilitarian aspects. I 
think the driving motive will, on the whole, be as it has been, 
These waves come on in human history. I was a very close friend 
of Dr. Michelson for many ycoars. I probably knew him bettor than 
any other man, I wrote a biographical sikctch of Dr. Michelson. 
The thing that inspired him in his work was tho pure amateur spirit. 
such mon are the mon who conceive of the new things gonerally. 


We have younger men coming on that are influenced by the 
More reeent incentives toward the application of science,’ I \said 
in the beginning that every man speaks from his own point of view; 
he colors what he says from his own mind. It is neccssarily so. 
I think that the decade from 1920 to 1930 was the decade in this 
country when Mammon was worshiped, and science was thought to be the 
thing that would produce the millennium, as a handmaiden for other 
things. I don’t believe we have that same spirit now. Now we are 
under adversities. We are thinking more of the fundamentals. I 
don't think adversities are wholly useless in human history or in 
the history of the world. I think it is true from paleontological 
records that periods when conditions on the earth have been hardest 
for the living organisms have been the periods of the greatest 
changes in the forms of living organisms; and the same thing is 
true of progress in human history. As bad as the past fow ycars 
have been in this country, (from the point of view of my carly ox- 
perience they haven't boon bad at all) thore have been benefits, and 


*Paze 3, 
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I think we are getting to a sounder attitude of mind on things than 
we were ten years ago. We. have gone through a lot of foolishness. 
The decade of the 20's that I. spoke of, for examole; then more re- 
cently the confidence that the Government by some magic can do 
things. Well, they can do certain things but there isn't anything 
magic that can run anything as complicated as worlds and societies. 


iR SETTE; I was interested in Dr. Tuckerman's remark * 
that he had a hard time convincing the utility company that they 
ought to ground those secondary coils, when the amazing thing was 
that these power companics had electric onginoers who had beon 
trained in science, The second interesting point is that he crcated 
enemies in offering his training to the public service. I think 
scientists themselves are not usually humble. As a matter of fact, 
we can recall some controversies, for example, when Darwin sprung 


his famous work he created many a mortal enemy, some of them scientists, 


I am. just wondering whether we should fcar making enemies, con- 
sidering the system:as it is, or whether we should train our. 
scicntists to be so tolcrant that they are nover bitter nor hostile 
to other opinions, and that they will always be dispassionate and 
impartial. 


‘DR, DEMING: ilaybe a person (scientist or otherwise) should 
take pride in his enemies. 


‘ REMARK; - Too often science is interpreted as-a bo dy of 
inowledzge rather than a method. 


_ DR, SEEGER (George Yashington Univ.): It seems to me there 

are two problems -that we have touched upon so far, which although 

they are related, are nevertheless distinct. One is this; having a 
certain fund of knowledge, how are we going to interpret that fund to 
the general public? The answer is cortainly a matter of cducation and 
may involve many personal elements. ‘The other question which has boon 
touched upon is this; realizing that thero aro certain basic needs in 
society: today, how can we direct science so as to fulfill these needs? 

re Deming began by implying. that if only we had a point, some vlace, 
then by drawing a straight ine between the point where we are and 
that other noint toward which we should like to go to, we could get 
a sense of direction, The only trouble is that we seem to have lost 
that distant point today. Now Dr. Tuckerman was saying on the one 
hand, that perhaps originally the. sense of.direction grew organi~- 
cally out of basic necds. Dr. Moulton was saying on the other hand, 
tnat it sprang cote elle out of basic curiosity. I am. wondering, 
ina very practical way, if this does not all tie in with a book with 
which I am sure you are mes familiar, written a few years ago (1935 

by Julian Huxley, entitled Science and Social Needs.. He was lament- 
imfutheufact thee so much money was being. spent on. certain sciences 
and not on others; and he suggested that the direction of science 

is being determined now largely by. the distribution of money to it. 


2 Page 14. 
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I should like to offer as a compromise that man is usuall; 
starting out on a journey in quest of fulfilling a matural necd, but 
that while he is journeying he has often noted little things, and 
because he has had leisure and curiosity to investigate them, he 
1as made great discoveries. I.don't think any group of scientists 
planning together in laboratories would ever have discovered X-rays 
directly, even though there was a crying need for them. So it seems 
that we need to start on projects that are of definite ‘basic utili- 
tarian benefit, and then have leisure for free play of investigation 
and curiosity; out of that program, strangely enough, we often find 
answers to questions-we supposed were little related to our prohblom. 


REMARK; . Isntt it the tendency for scientists to be utterly 
objective and purposeless, and doesn't that arise from the fact 
that they have becn dealing with purposcless nature instcad of 
purposeful human nature? 


DR. SEEGER; he scientist himself, however, is always pur- 
poseful. . I should like to mention also this: some people criticize 
the scientist for being so much concerned about science. Now, my 
own knowledge of students is that you don't find a good scientist 
every day, and that when you. have a good scicntist you had better 
make use of him by allowing him to develop. Suppose a person comes 
up-to me and says, "Do you think it is wrong to play ping-pong?" 

I say, "No, but when I have to catch a train I don't have any time 

to, play ping-pong." So, when I am asked, "Is it bad for a scientist 
to do administrative work?", I say, "No, but when he has a particular 
problem to. solve and there is no other man that can-do it, he 

hasn't time to play ping~pong; he has to catch the train." 


REMARK: It is just as difficult to find good minds in other 
fields as it is in science, and it is not a problem unique to 
science, ; 

DR. TUCKERMAN: I shovld like to go back a moment and refer 
to Mr. Sette's comment*. You must have some other type of training 
to influence men, The electric light company in Lincoln had very 
competent engineers, but it costs money to ground sccondarics,. To 
persuade them that they should spend that money was a different sort 
of problem and necded to be handled ina different sort of way fron 
the scientific problems for which I was trainod. 


DR. TAEUSCH: I am wondering whether there isn't something 
in science that may be working to inculcate greater humility in 
scientists, and that is the study of probability that is going on 
so arduously now, and of the uncertainty that has developed. You 
intrigued me yesterday by mentioning that when the centre of atten- 
tion of astronomy was shifted from the earth to the sun, one thing 
jatroduced was humility, from the recognition of man's place in 
the situation. Now wouldn't this recent work on uncertainty and 


* Pace 16, 
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probability reintroduce into science a little more humility in the 
problems it is working with? I am wondering if there isn't some- 
thing fundamental in this situation. 


I think you spoke last night of the fact that the fundamental 
assumption of scientists is that the world is an orderly sort of 
thing. I wonder if that isn't presumptuous. Our mental approach 
to the world is but an instrument that is not very orderly, so the: 
proper scientific approach would be to make some approximations to 
this world. 


DR, MOULTON: I am really learning a great deal about what I 
said last night. One thing I should like to emphasize is that the 
most useful thing scientists can possibly do is to examine themselves 
and have a complete intellectual honesty that we ascribe in careless 
moments to scientists. 


Now, having been intimately acquainted with scientists a long 
time, I want to assure you that so far as my observation goes, they 
have all the thoughts that other people do; they are dogmatic, they 
are -- some of them -- antagonistic, they are like a cactus plant, 
thorns all over them, Some of these occasionally are obsequious. 
They have the true religion, and the benighted world hasn't it. Get 
then together ina group, and they can't agree on anything any more 
than anybody else. So they should search their own hearts and get 
fundamentally and thoroughly honest intellectually, and tolerant. 

I think they are more tolerant than some other people. I think they 
are more tolerant than philosophers, more tolerant than theologians, 
on the whole. But they are often not so very tolerant, as I said 
last night. 


Now, I want to speak a word about the question of certainty and 


uncertainty.* I say again I think it is the fundamental basigtor 
science, that we are dealing with an orderly universe, not a chaos. 
Otherwise, we should have no confidence that anything we ever observe 
will be repoated under like circumstances. Thero is a fundamental 
difference betweon indctcrmination and fundamental orderliness; and 
our understanding and approximation to it. And clearly, even if the 
universe is orderly, our understanding of the order of it is subject 
to uncertainties, We don't know, for example, the size of the earth 
or the diameter of the earth, within a few hundred feet, We don't 
know the size of this building within a fraction of an inch. 718 

some fields the uncertainties are not small like those but may amount 
to fifty percent. Now, I suspect that scientists, especially in the 
physical sciences, because they are on the whole rather precise in 
their measurements relative to the ordinary things of life, get a 
little dogmatic on exactness. There is always plenty of uncertainty. 
When we get into the domain of biological sciences they are greater, 
and then into the science of the mind and into the social sciences, 
they are still ereater, 


*Not to bo confuscd with Heisonborg's uncertainty principle. Ed. 
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One spcaker mentioned an objective*. I think we here are vory 
closcly comparable and our oxperiences have much in common, but if 
we should undertake for the next six months to agree on any one ob- 
jective, we would have very great difficulty, because the uncertainty 
that was spoken of as to what exists now and what would be desirable, 
is extremely great. It was not so long ago that physicians were re- 
joicing that they had reduced the nortality rate of infants. They 
were patting themselves on the back and thinking that the world vould 
be the ‘same except that the children would not die and people would 
not have the sorrow of losing then; but a hundred other problems have 
been raised by that. For example, we have more old people to take 
care of. 7/60 this question of objectives is difficult. “Thatvis why 
I speak somewhat cautiously of improving things. 


I said that in England and also in+this country there are groups 
of scager fellows who want to improve things, and I am for them. -This 
or that thing is wrong, and shovld be changed. . Certainly lots of 
things should be changed, But most of these changes would introduce 
other things that wo would also call wrong or partly wrong. There- 
fore, I can't see in the immediate future any millennium. I1 suppose 
inthe ays of the Greeks, when thoy hed Plato's republic, it was 
almost there. It happened again in the times of the Romans, if 
History ae notralb fiction. 


If you will refer again to what I said about the orderliness 
of groups, **you will see that there is orderliness in it froma 
certain point of view that we couldn't prove, yet one could never 
prove the opposite. There are currents in it that look to us to be 
conflicting. However, those are the things that zive it an over-all 
order. There is not any over-all order to an absolute chaos. That 
is, to my judgment, logically impossible. . The understanding of 
this orderliness that there is in aggregates is an important thing, 
but very difficult to comprehend; if that were understood, our 
social outlook would be different. It would be less rigid. We 
have got to expect these sub-groups or the elements of our large 
agsregate to have conflicting motions, if we speak in terms of 
molecules that go in different directions. If they went in the 
same direction then the over-all orderliness would fail. The 
averaging of all of it is the important thing that gives something 
substantial. I believe in there lies the philosophic basis, the 
funcamental basis of democracy as compared to an autocracy, but 
of course it is not easy to elucidate. 


TEMARK: It has no meaning to me that on the average people 
are going to die at seventy if I am going to die at fifty-five. 


DR. MOULTON: It does not happen to you particularly, but 
that is an important fact just the same. To all life insurance con- 
panies it is important. It is important for production. That is 
more important for the group than any specific thing you could 
possibly say. 


* Pare 13, ** Pages 8, 9, and 10, 
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LR, WILSON: I was at a state university recently and 
I visited with a very distinguished chemist there a little while. 
Te talked about specialization. He said that he had an old 
textbook that his father had studied, I guess about the tine 
of the Civil Var or thereabouts. The textbook wasn't called 
science, it was called Natural Philosophy. He had occasion 
recently to look over that book and he read the first two or 
threo chapters and looked at the table of contents, It was 
so attractive to him that he took a couple of evenings off and 
read tho whole book, Ho said that his fatnor was a man that 
vasn't a scicntist but as ho looked back on his relations with 
his father and the influcnee of his father on hin, that he 
could seo that his father hada comception of tho plitlosophy ox 
scionce, a kind of over-all view of what scicnce was, and so on, 
and that he got it out of that book that was callod Mtural 
Philosophy, This man said that he raised a good deal of question 
because of the narrowness of training and the high degree of 
specialization in ovr high school and college education, In 
the broad fields of science many educated pcople--college grad- 
vates--do not show dopth, He remarked that the great weakness 
that. we have at tho present time grows out of that narrowness; 
and that in some way, or somehow, with the great expanding field 
of knowledge here of nature in the world, that there ought to be 
a itind of selectivity, or relativity, or something of that kind 
in the teaching of science, You have had a great deal of 
experience and have thought a great deal along that line, 
Drs Moulton, and we would like ‘to get a little of your thinking 
Ou uaa < 


DR. MOULTON; He was making a plea for the point of view 
of the amateur naturalist. In those days they had two sciences, 
natural philosophy and natural history. And there is something 
extremoly fine in the attitudes of men who had that point of 
view, There are still plenty of men, I was a close fricnd of 
Dre Tt. C. Chamberlain, who was president of tho Univorsity of 
Wisconsin before ho went to Chicago. His mind roamed all over 
these things, although he dic some fundamental and very fine 
work on classification and those things, and had an outlook, 

a balance, a breadth, kindness, toleration, and penetration 
that was amazing and beautiful. I agree that science probably 
on the whole is taught too much from the point of view of the 
specialist. 


In the University of Chicago we introduced a general survey 
course that was, on the whole, very successful. I think it was 
required of all freshmen, at least of all who took a certain major 
sequence. It went over the physical sciencos, i.e., the physical 
and biological sciences, not the social sciences. Later, after 
ny day, they introduced social sciences. Now I think that although 
it wasn't deep in any special line, it was an extremely good thing. 
I ardently advocated, somewhat facetiously, it is true, inan 
article I wrote for the University magazine, that every member 
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tne course, because--it was mart scriously and part in jest--the 
course was assumed to be so important that a »veorson covldn't be 
cousidcred educated without having been exposed to it. Now 
naturally the faculty shouldn't be below the standard of gradua- 
tiom ror the college, And thon for andther reason I advocated it-- 
they actually ncoded it. The faculty were narrow specialists, most 
of them, I took it myself and shocked others. I advocated it 

so that they would learn from actual observation now poor and narrow 
a lot of instruction is. Several of them who took the course said 
aftervard that they thousht it was a very good experience. 


of the staff of the University of Chicago be compelled to take 


In the preparation of a book that was. later published, I was 
cqucated enormously in various ways. Well, when we wrote this bool, 
we oxpected to produce it ina short time--a few weeks. Now, having 
written a considerable number of books, I didn't presume that a good 
one could be done in that time, so I recommended and insisted that 
Ll would not cooperate unless each man in the group would read his 
chapter to all the others for their criticisms and comments, and they 
said; “Well, that .isigil right; it will take a’few days more.” I 
said, Sure," Mine was the first chapter in the book. I said I 
woula have it done in five days, which’1 did, the first draftiat 
least. It took us five months to read that. Here were men on the 
wnole who occupied important positions in the University, and 
the differences in outlook in all these qualitics which we think 
of here as desirable and undesirable, cropped out, and the dif- 
ferences in points of view were enormous. ileeting together once 
a week for a whole evening for five months was an education. So, 
frou that again; I observe that there is a difference in conflicting 
currents among specialists in science in the same institution, the 
same age, apparently tho same background. Over-all we’ had an 
average. When the book was written, on the whole it was a pretty 
cood book. * 


MR, BEAN; Dr. Moulton, yesterday at a point in your papor 
where you referred to a recent trend in scicntific thought in 
arnzland you said that there were some scientists in England who 
in the past decade or two had gone off the track (not your words, 
of course) into the field of metaphysics, mysticism, things of that 
sort, and vou were magnanimous enough to suggest that that was the 
result of the trials and tribulations that the generation of 
scientists in England had experienced through the war and its con- 
plications. 


DR} MOULTON: I think it is’true in some cases, 


LiR, BEAN; And today you threw out the suggestion that 
scicntists tond to turn to more fundanental,** more scientific 


* The book is The Nature of the World and Of Man (Chicago, 1926) 
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thinking in periods of stress. ‘That explamtion would you have 
when you find tle same kind of tendencies anong American scientists, 
who, after they have pursved their specialty to the apparent end 
point and find nothing nore perhaps than energy or something else 
as the basis for material things, find therselves slipping into 
netaphysics and other questionable branches of science? What 
explanation do you have for the Ancrican scientist: falling by 
vay side? 


us 2. 
bie 


}- 


DR. HOULTON: Well, in this country we didn't have the peor- 
sonal losses that they had in England. They suffered tragedics thay 
wo in this country can't realize. You who have boon there and Know 
sone Huglishmen will get tho point of viow. That accounts for sone 
offthcscer That isva suiggestinny Wolare not any morospertoct 
nontally than wo are vhysically. We go off on little tangents. 


As the 20's passed along, the silk shirt cra vassed, and we saw 


the wreciage of war in Burope. At first, you see, we are under 
we illusion of the Armistice and tho peacc, the impossible terms 
that were imposed on'Gormany; failing, failing, failing, all these 
things failing, the Loague of Mations failing. The books that 








cane out, some of the vlays, motion victure plays, showing the 
brazeas andifablure of ity the cost in this country iforstas 

etorans went into billions, nino billions, I think, approximately. 
he disillusionment poriod was coming on. .All that neriod was one 
f gradual disillusionnent., “Andethen the dopression came on, ‘so 
we aron't psychologically so very diffcront from tnose, except 
persomalevlosses; very cifforent from the rest of then,  Whenews 
eet tuto, trouble we: comacneosto’tkhink about it. That is hutet nave 
We feel our helplessness. Then we get into speculation as to what 

we regard as more fundamental things. I don't say we are right, 

that they are more fundamental. But we are in the position where 

we are reflecting more than we did in the 20's on the destiny of man, 
Ve are a little more doubtful about the millennium being just around 
the corner. Everything that has been tried has failed. At least 

it hasn't approached the promises or tho oxpectations,. We aro a 
little confused and depressed at the moncnt--most people. I am not 


4 


in the least, because this is tomporary. 




















We are groping nov. Tho problem is how to do it. I repeat 
what I said; I don't sce any casy solution; but hopefulness and a 
policf that there is an orderliness in tho universe, a knowledgs of 
Witten. Willehelprus; .cven thoughbid-ds Qifficul t: for discover. tae 
think is a steadying thought. 


iR,.-BEAN: Would you say the disappoarance of civilization 
is one of the orderlinesses? 


DR. WOULTON; Many civilizations have disappeared, The 
cinosaurs had the world for about seventy-five million years, and 
toward the finish they might have got together, as we are, and said, 
"Boys, we are sitting pretty." 
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DR, TARUSCH: Lay I ask this question: 


wite your statement of fundamental orderline 
certain point. We have been dealing prinmari 


i J 


I was much impressed 
Ss, and it brought out a 
Powe factors and. such 
in our measurements. Do you carry that over to the fundamental 
orderliness of thinki 128, in the mass, at least, and pvossibly to a 
lack of understanding in our own individual and sroup thinking, 


TOLCH tay zor the, time boing anpoar chaotic? 


DR, MOULTON; Yos, Let mo just comment on thatcindividvally 
a200u% our thinking, it refers to Dr. Tuckerman's comments on mr 


1 


wacsis that the inspiration for the discovery of such disparitics 
was not to mako the motor but to find out how things work. In ny 
opinion, which I state with caution, our minds are the products 

of the things in the world for a billion years. We have been in 
tue orocess of develoving, rovehly speaking. Our ancestry back 
over all that time has been subject to the rhythms that are in 
Mature, the succession of day and night, of the seasons, of all 
tne otner things, of all these funcamental »nroperties of the 
universe, They have been impressed on us physically and mentally 
and whatever we have now nas cone wo througa this marvelous 
hisvory, and in that sense, at 1d st, our curiosity is something 
that nas been acquired in the oxperieaces of our ancestry. Certain 
low forms have remained constant hundreds of millions of years. So 
WO are Up here to this stago. So in our minds there are impressed 
on us certain fundamentals, but expressed in very great variety, 
and there is a mass order ry ee and I think there is a degree of 
coherence in the individual. But the mass of us, the judgment of 
the mass is better than the judgment of any one person or any small 
@rovp of oersons. Now I may be wrong in that. 


Wk, WILSON: I see that a whole lot of people are ready to 


spring up here to ask for a definition of science, so I think we 


me | 


better adjourn. 


(iecting adjourned at 10:30) 
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DEVELOPLENT OF SOCIAL AND CULTURAL VALUES THROUGH RELATION OF 
SCIENCE TO OTHER MAJOR FIELDS OF ACTIVITY 


By John C, Merriam 
President Emeritus of tho Carnegic Institution of Washington 


In the auditorium at 5 o'clock YVodnesday 
15th March 1939 


I 


The subject on which I havo boon asked to speak today concerns scicnce 
with particular reference to its influence in developing social and cultural 
valucs of broad application in the advance of civilization. The omphasis is 
not placed specifically upon the contribution of science alono, but is laid 
rather upon results obtaincd by linking of scientific activitics with those 
in other great fields of human interest, Although specific values are do- 
veloped by science functioning indcpendontly, & much grceator influcnce is 
exerted where its activities aro related to those in othcr fiolds. 


the point of viow from which. the subjoct is now oxaminod roprosents in 
considerable measure the present-day development of scicnce through large use 
of synthesis in addition to the analytical methods so characteristic of ro- 
scarch in the period only a few decades behind us, Advances of analytical 
scicnce in the past naturally carried us into moro and more extrome stages of 
spocialization, until some of the subjects investigated seomed widely scp- 
arated, and scicnce as 2 whole appeared to express less of unity than was 
once recognized, 


More recently, the synthctic method of study has in some monsure ro- 
placed tho analytical, and rapid progress has been made by bringing together 
ficlds of resoarch once appearing roathor widely separate. Through this nethod 
new gencrolizations and principles have omcrged, and by uso of these new ideas 
furthcr spccialization has beon possible. As a consequence, the whole of 
scicnce, with its bettor organization ond better porspoective, has advanced 
more surcly os well as more rapidly. 


Ono of the ideas..that I have in mind with special refcrence to tho 
relation of science to cultural and social advances is that the velucs of 
scicnce should not bo separated too sharply from thoso of other subjects, 
but should show intcorlocking with rcolated fields of thought and action in 
such mannor as to give better vision and bottor understanding, 


Among tho subjects thet one might naturally consider in thoir relation 
uoesci cncoyare philosophy, art, religion, oducation, cconomics, and govorn- 
mont. Definitions of these ficlds thot wo might give would naturally bo 
modifiod according to tho purpose or point of viow of those concerned in 
"discussion, But scicnce itself would bc accopted genorally as concorned 
with fact-finding, organization, and intorpretation of knowledge, with on- 
phasis on rigorous adherence to truth. Here, there may be no doviation fron 
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s: What vrecisely is 


j++ 


truth, no compromising. Invariably the question asked 
the situation or the mode of operation involved? 


Science builds in all directions, forming great complexes~-structures 
such as might. be reoresented, for example, by the Tower of Babel, built high 
and wide--where, you will romember, the work stopnec, according to the record, 
because the workmen could no longer talk the language of their followss “2 
this had beon a great scicntific project, I would be inclined to think that 
thoy specialized so far in various directions that thcir terminologics and 
techniqucs became unintelligible to any but cxperts in special subjocts; just 
as, in these days, techniaucs and torminologios of science somotimes are under= 
stood only with difficulty by our fricnds. 


The story of the Towor of Babel, as we know it now, is commonly visioned 
as roforring mainly to the fact that they build high toward the sky. he 
account refers to poople going out on the plain of Shinar where thoy made 
bricks ond had slime for mortar, and they said: Lect us build and "make us a 
namoe" Tho Lord thought thet was not good, just to make a name, and he said 
"And nowr nothing will be restrained from than which thoy havo imagined to do." 
If thoy accomplish this they will be able to do anything else, so they should 
porhaps be hold back. At any rato, their tongues become confused; they did 
not understand tho language of their follows. There is a good lesson in this 
for oli kinds of science and of business Haan If wo cannot understand one 
another's language we build no great structures, whethcor they be towers, great 
sciontific organizations, armics, governments, or othor things. 


igi 


As this lecture course is devoted in part to the study of democracy, 
it mey be woll to say that, while I am a great belicver in democracy, I thing 
of it as being one of the tenderest plants that human kind has evor nurtured; 
the in id must be handled with great care or it cannot develop. It roquires 


for S proper growth balanced judgment, give and take, and mutual understand = 


ing; Reine it cannot be made to operate, Is it concoivable that it might 
make a record in history like that of the Tower of Babel? 


It is only fair to state that one difficulty in attempting to keep full 
understanding among men in the study of great questions arises from the fact 
that the problems are often so wide-reaching and complicated that vision over 
the whole subject is difficult, This I found illustrated well many years ago, 
when at the Carnegie Institution of Washington, I brought together a group of 
scientific men concerned with genetics or inheritance along with others inves- 
tigating ecology or environment, to see if we could not obtain a better under- 
standing of the difficulties found in study of the relation of heredity to 
enviroment, We did not succeed fully. As we came out of the moeting one 
man surprised me by saying "I think the poot Bryant in creating his Thanatopsis 
probably saw the situation in nature from the sciontist's point of view as well 
as from the poet's, when he wrote: 'To him who in the love of nature holds 
communion with her visible forms she speaks a various languago.!" He thought 
that the influcnce of the "various language" of nature had boen illustrated 
in the meoting just onded. 
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Science as & special field we can understand as to its general content 
and purpose. But difficulty arises when we attempt to relate it to the other 
subjects with which I believe it should be connected if we are to make the 
progress that the world ought to show through the ages. Careful study is desira- 
ble if we are to bring it into the most effective touch with philosophy, govern- 
' mont, art, education, religion, and othor subjects of comparable importance. 

_ The contribution that theso relations can make to the increase of our broad 
range of imnowledge, seen as culture, and our appreciation of those values that 
are funceacntel in social ovolution, makcs it imperative that we attain clear 
understanding of these contacts among the various ficlds of activity. 





fig ee 


In developing this question it is important first of all to indicate some 
of the types of the relation of scicnce to subjccts of similar importance which 
have becn montioned. This is done with a viow to considoring the desirability 
of finding the best means for cooperation of scienec through roletion to these 
fields of thought in order to meke gront advances in culture and sociel under- 
standing possible. Ino latcr portion of this discussion there are presented a 
few illustrations of the type of interlock to which consideration may be given, 


Philosophy. Early in my caroor os administrator, I recoived 2 distinct 
shock upon hearing « distinguished gentloman, president of a great institution, 
suggest that I was too much inclined to allow persons working with me in scicnce 
Jto take a philosophical point of viow. ‘Without stopping to think, my reply was 
that I. did not belicve there could be = scicnce without a philosophy, that 
philosophy was an attempt to fit together the various clements in their propor 
adjustment to one anothor and to interpret them in torms of logical rolation; 
that these things had contact each with the others and we must discover what 
that relationship is. It may be important or it may not be, but we should at 
least know what the connection is and give it the proper evaluation. 


Of course there are things that proceed under the name of philosophy 
that can be described as merely making the wheels go around without accomplishing 
much, Such situations I understand, but there is a great deal of philosophy that 
is based upon sound, solid fact. A considerable part of it that comes out of 
science is philosophy that will carry us a long way. On the other hand parts of 
science that refuse to recognize the importance of philosophy, will, I am afraid, 
just go about in a treadmill without reaching far. So I am strongly in support 
of the idee of having philosophers and scientists come to understand each other 
sufficicntly well so that cach may use the methods of the other, 


Art. ilony ask, what can scionco and art have in common? Art may be con- 
sidered as 2 purely cmotional relation concerning boouty and clements of that 
nature, What docs that have to do with the mattor-of-fact dovelopnent of a 
scientific progrem? Of course you con accomplish much if allowed to make your 
own definitions. When I discuss subjects of this naturc my definition of art 
May, diffcor from that uscd by sono. But artists often accept it. Art to ne is 
a way of presenting things in the nost cffective possible manner to show their 
real nature and significance, the best possible picture, with the spotlight 
turned vpon the thing shown so as to give us the clearcst viow including the 
best relation to its environnont. 
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iiany scientists have used art of just that kind, and I have known some 
who attained eminence in science, by using that method. One of those was 
r. A, A, iitichelson, a distinguished professor of physics in the University of 
Chicego. I talked the quéstion over with him often, He said "There are not 
many,in science who accept it, but I believe that the more artistic the state- 
ment of a nroblem in scicnce, the larger tho chance of presenting tho truth," 
So I find that widely throvgh science the artistic method may not be cxpected 


todo herm. And it may do much good. I cannot say much concerning what artists 


belicve with reference to the use of scionce in art, but I feel that nore and 
more thoy accent the sciontific mothod of approach as ono means of gathering 
the date neocded for better presentation of cortain kinds of subjects. Sol 
beliove thet as time passos a cooperative rolationship of importance may be 
devoloped between these ficlds, end that the contribution to culture and to 


Social voluos will-be large. 


Roligion, Although roligion presents some of the most difficult prob- 
lems, sccn from the point of viow of ono considering cooperation with science, 
it is desirable to oxamine the possibilitios of profit in study of this rela- 
‘tion. 


The place of roligion anong the varied interests of lifc, ranging from 
scicnce to osthoetics in one direction, or in enother direction, to business; 
diffors according to specific intorosts of individuals or according to the na- 
ture of tho background. In gencral terms, roligion is commonly looked upon 
either as the relation of man to his Croator or as an expression of the rela> 
tion and rosponsibility of man to othor men, Relation of man to his Creator 
is perhaps nost commonly interpreted in the sonse of personal relationship to 
& supreme being. From this point of view, creation of the individual would be 


interpreted as a personel act. But if porsonality of the Creator is elininated 


from consideration for the nonent, it is still possible to discuss a relation 


of mon to the surrounding universe out of which he has developed, iWodern views 


of sciences tend to describe the world as soncthing not well within the linits 


of preciso delineation or description, It is seen as something greater, granday 


and rruch nore wonderful than anything we have bcen able to describe; nore von= 
derful, sone would suggest, than the particular personal God which individual 
nortols have visuslized. 


In the sense of relation of man to a creator represented by the universe 


about us, questions of right and wrong, or of obedience to laws of the Creator 
translate themselves into consideration of obedience of the individual with 
reference to those laws of the universe which control human life. It might be 
as scrious a matter to transgress the laws of nature representing the Creator 
as it would be to transgrcess laws of a creator oxpressed in terms of person- 
ali tye 


From another point of viow religion is considered to represent factors 
that concern relation of man to his follow men, and in this respoct the mattor 
of touch with the Creator scoms to be modificd, since relation to follow man 
is distinctly a diffcront situation from that involved in our touch with en- 
viromont in the senso of the universe. Tho problem of the relation of man to 
man involving opportunities, responsibilitics, libortics, and obligations as we 
see it in tho study of forms of government, and cspecially in a domocracy, 





i 
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constitutes one of the questions in which science, government, and religion 
aunteriocis, ' 


Fron both points of view, that is, considering -the Creator ag in or 
behing. the universe about us, or considering the Creator ag in the world of 
people about us, we have a vast amount to learn from scientific study and in- 
vestigation as to what our situation really is, and as to what our obligations 
and opportunities actually are. It may be that science has a great responsi- 
bilit:; for tolling us somcthing about what is involved in these: several situ- 
ations, at any rate concorning cortain aspects of religion, -And until tha 
has been outlined, so that wo see it cloarly; science will. not have ‘cone its 
duty. 


IV 


; Roterring to tha roletion of scicnce to ether Trolds broadly; itis 

my belicf thet one of the things most necded at- tho moment is that kind of 
synthesis of the subjccts discussed which will give us'a fromowork of organized 
knowlodsc, rother than «2 huge mass of loosely connected facts, an arrongonent 
in which the points of vitw roprosented by these various subjocts will be so 
worked out that we sholl obtain an understanding of the position of man in the 
world ond of his relation to. others. We shovld have also an apyrociation of 
eur opnortunitics and of our responsibilitics, o knowledge of the matorials 
With which we can work, and 2 vision of what wo may accomplish, The cdvances 

ed can not be chrricd out’ by science alone, “Cooperation of investigators 
in those various fields is what is nocded. 

One of the difficulties that we find in attempting work on any question 
of this type is the idea that this is what we call a practical man's world, 
and that the kinds of things that I have been mentioning often seem relatively 
unimportent. This is also sometimes called a machine world. From another 
angle of vision it is a material world. In anothor sense it is a world in 
which people have seemed more importent than what is seen as activity of the 
Creator in tho world about us. But personally, I see the world as loss cloarly 
material than it is often picturcd. Those who say that they have no philosophy 
and no religion commonly have makcshifts which thoy bring forward on special 
occasions. Those substitutes are usually poorly constructed, and perhaps 
largel:; negetive, and thoy do not function well in the place of systems which 
Meve stood the test of time, “Evon for tho méintenenco of living conditions 
from day to dey it is discovered that the kind of philosophy made up on the 
spur of the moment is not often sctisfactory. We do bettor with = schomdé in 
which instdnd of © purcly matcricl point of vicw ve-attompt to live, to some 
exon, ob Lode, in the rorlm of the philosophical or the spiritucl or the 
roligious which scom to be naturel ‘clomonts of the atmosphere in vhich human 
beings thrivo, ' 


Vo admit genorally that the tine is past when ono can say that mainte- 
nance of life depends sololy upon deily broad. Christ said that non noy not 
live by bread*alonco. This may be stated in’manr ways, It is necessary that 
the cducationeal program of ‘today furnish substitutes for the i:mperfcct systons 
of philosophy and religion ond life upon which veople are leaning in the place 
of the highor life, The schools, from umiversitics down through the collctges, 


> 
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high schools, and all the lower grades, have a greot responsibility for bring- 
ing into the lives of persons at all stages that which represents real value, 

which mey sive to everyone the things that can be maintained through life and 
bring joy continuously, and which may be substituted for what we call neinte- 

nance of life on the basis of purely materialistic conceptions. 


V 


The significance of interlock betweon scionce and other phascs of human 
thovsht and activity that have been mentioned, and the contribution to cultural 
and socicl velues, is best shown by illustration of the manner in which these 
roletionships dovolop under conditions prosontcd by special types of interests 
in lifo. For this purpose it appears desirablo that one sclcet the velues in- 
volved, on the one hand, in considering the moaning of the surrounding universe 
or of the reolitics in nature as thoy affect human thought and action in normal 
living; and, on another sidc, to oxnamine somo of the factors in our rolation to 
the world of people about us. A further phase for oxsmination of this contact 
of scicnco is chosen from study on the problom of what are commonly celled eul- 
turol ond spiritucl valucs and their human significenco, as involving the in- 
terlocking of science with other attitudes of mind. 








Influonce of Nature on Thought and Life 

I have referred already to the fact that imprint of the reclitics im 
nature upon human thought moy have great significance. The longer this prob- | 
liom is studicd, the more surely an I convinced that 2. tremendous loss is sufi-= 
fored by the great bulk of all humankind through failure to recognize the 
contribution of nature in giving from day to doy cxpressions of grandeur, and 
beauty, and soothing qualitios forming oa continuously growing schemo of values 
that accumulate over the yoars, Collectively, these foctures give sonothing 
of the utmost importance, foatures that may be as full of meaning for us as 
anything obtained in lifce 





There are, I know, those who feel that the beauties and the joys of 
nature have less and less importance as the years go by, and that the mech>" 
anized world, as represented by automobiles, movies, and comparable things, 
has taken their place. I regret to say that in a large measure thoy really 
have taken the place of much that is in nature. Somewhere in the west, re- 
contly I loarned of a gentloman who inquired where he might go to drive. When | 
asked what he wished to sec, tho reply was "I am not interested in scenery; 
all I want is to drive fast." He wished a good road in a national park on 
which to enjoy himsclf by driving at the maximum specced permitted, Grandeur 
and beauty did not interest him, Of course ho could have found 2 good road 
in aless spectacular region more casily. 








Everywhere in the world the joys of nature can provide much for USe 
These values have been interpreted in somo measure by 2 fow great students. 
Unfortunately omly = relatively small number of porsons socom really to heve 
discovered in nature tho oclenonts of largost significance, and to have defined 
then so that thoy can be located and apprecinted. Wordsworth stands out in 
- this group, but significant are also the works of Tonnyson, Willian Cullen 
Bryant, Shelley, Keats, and others, The foatures thet I have in nind hold for 
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us large possibilities of joy and comfort, and we are discovering now that 
scientigts can give important aid in the interpretation of nature: that in- 
stead of breaking down the values of appreciation, science helps to develop 
them, so that as study proceeds we find more and more elements giving us these 
greater pleasures, 


Some years ago one aspect of the meaning in nature was impressed upon 
me especially by a poem found in an old magazine, It concerned three phases 
of the year, and was based upon the idea of destiny, individual, and for man- 
kind in general, There socmed in one portion of it an excoptional connection 
with the kind of help that science should give in statement of such relations. 
The first of several stanzas referred to spring and the stimulus it gives, It 
was as I recall it: 


"Who walking in the spring may sce 
Fresh green upon the poplar treo, 
And smiles with hopo as he goes by, 
Begins to sec his destiny." 


Perhaps more than through any other aspeet of nature, the opening of spring 
makes one consider opportunitics for development, the cxpectation of progross 
or growth within ourselves, and the possibilitics of our own destiny. 


The third part related to influence of autumn woods. Perhaps you have 
folt the depressing effect of falling lcaves and approach of winter oxpressed 
by naked trees, Bryant has written, 


"The melancholy days are come, the saddest of the year, 
Of wailing winds and naked woods, and meadows brown and secre" 


The poom which I found turned thought rogarding fall and winter in another 
direction, It reads: 


"He who can seo the glory fade 

From noble works that God has made 

And keep faith fresh in his soul's eye 
Is mastor of his destiny." 


It happens that as archacologist, and palacontologist, and geologist, 
I look out to view the story of mankind extending back a million years or so, 
and see beyond thet the carlier record of life reaching farther down for many 
more nillions of years, Research has shown us that in all of this long stretch 
of time a continually advancing sequence of stages in evolution or development 
coming up through the ages, In reading this story, alvays I have the fecling 
that, howover dark tho skies at a particular time, apparently tho lesson of 
history indicates that the trend of things as recorded in nature is toward the 
bettcr. 


With special reference to the little poom to which I have referred, it 
took me long to reach a stage at which I could watch the melancholy days come 
and the leaves fall without being depressed, but I am now able to sce the glory 
appear to fade from these noble works that God has made without being downcast 
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or ee ed. Some years ago I expressed my feeling in an article pointing 
out that, without noting the absence of leaves, one can look through the branches 
of fall and winter trees to see their beautiful structure, and also note the 
glory of the sky beyond which is not easily seen when leaves are presont, Also 
we have faith that the fading glory is only one stage, and that life and beauty 
and joy will come again with spring. And tho lessons of science help definitely 
“in shaping one's faith rogarding the orderliness and dependability of nature, 
and concerning the dependability of the universe in which we are placed ovor 

-. tho longer periods of change where hope scoms almost to fail us. 





As scionce advances its study of the world about us, more and more it 
brings out new points of view, now vistas, and visions of great rogions which 
sho nature as much moro wonderful and more beautiful than we havo found it 
without the oye and tho mind of science, These studics in most cases roach a 
stage at which the beautics discovered may readily become tho objective of con- 
structive work by tho artist. They lend thomselvos also to thought concorning 
illustration of power behind the universe, or by studonts of religion, ‘So, in 
this rogion of naturo study, we find value in bringing the work of science into 
rolation to that of art and religion with advantage to oll, and with opportunity | 
for greatly onhanced eppreciation of what nature has to givo us. 





Human Relations 


Just as in scientific study of nature great clements are brought to 
light which enhance our appreciation and contribute new values, so in examina- 
tion of relations involving our fellow men new and significant things are dis- 
covered which have their principal use in fields of activity or of thought 
commonly separated rather sharply from science. 





Business. But even in the more or less prosaic human work of making a 
living, or what we call maintenance of life, it appears increasingly desirable 
to recognize the importance of relating scientific methods to our modes of 
procedure, This is true oven in what we call the ficld of business, just as 
it is somotimes necessary to secure cooporation through interlock with certain 
forms of art if the best results are to be obtaincd. 


The trond of human affairs has made it abundantly clear that in all 
ficlds of activity overy individual should consider it a responsibility at 
least to make acquaintance with what aro celled the mothods of research, and 
to rocognize the necessity for insisting that evorything with which he deals be 
scttlod on the basis of facts woll organized and clearly stated. It does not 
mattor whet the position of the persons concerned is; all classes down to the 
humblest citizens should build life on a framovork of truth, woll tested, well 
organized, and honestly used, The rosoarch spirit finds its application in 
overy kind of businoss overy day. No ono ongaged in any activity fails to come 
frequently upon situations in which there appear nov things to be discovered. 
Whether making breakfast food, or in the steol businoss, or operating a farn, 
one is continuously encountoring problems that mean investigation. You may 
hire someone to do your research for you, but the first step is to outline the 
problom, and the scientific. spirit of the man who initiates the work may be 
as importent as that of the trained investigator. 
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Government. In human relations one of the most important aspects of 
action concerns that great field of thought included in government, or formu- 
lation of methods by means of which human beings may’ live together with such 
organization as will give the maximum of opportunity for each individual, with 
the greatest ‘strength and efficiency for the groups @s a whole in the interests 
both of individuals and of the entire body, Necessities of the case have de- 
veloped some forms of government by the trial and error mcthod and others by 
careful research and planning. Some have assumed that where tho ideas and de- 
sires of individuals are concerned, scientific research would not bo applicable. 
But ovon accepting large frecdom for the individual it is still truc that gov- 
ermment and all that it comprises must devclop on a foundation of facts and of 
principles dorived from study of these truths in ways comparable to the methods 
of scicntific rosearch. 


So rescearch in governmont, and cconomics, and finance, and oll of the 
eclomonts comprised in these important but complox human rolations has grown to 
greatcr and greater importance, And in this devcolopmont tho attitudes and 
nodes of opcration of science have cone to interlock with those of other phases 
of human intorest and activity. Today wo appreciate the necessity of bringing 
to bear in this constructive work all that scicnce and philosophy and art can 
furnish, and of so relating these subjocts to cach.othcr, as to produce tho 
forms of human organization best suited to give moans for maintenance of life, 
opportunity to grow, and the joys of appreciating lifo while it is boing lived. 
Which things I understand to be meant by the "life, liberty, and tho pursuit of 
happiness" so well defined in the Declaration of Independence, 


Now that the world has passed through many experiments, we are finding 
that even this democracy, toward which our belief turns so hopefully, is some- 
thing that must be examined with all the care that research can furnish, in 
order to avoid the mistakes that seem possible, even where the will of the 
people is assumed to be supreme, And it would appear that unless our govern- 
ment is guided in some part by well founded science as well as by philosophy 
and religion, we may fail to attain the onds desired. 


Cultural values, We know that as commonly visualized, human life com- 
priscs largely those practical things that contribute toward the making of a 
living, or the business of the world concerning what is seomingly of immediate 
importance. SBut the content of life so dcefinod, whilo of greator complexity 
then that of the beasts, will show itself to differ essontially from ‘that ap- 
pears in the groups or strata of creatures considered as below the level of 
man, through the fcatures that we describe as intollectual, cultural, and 
spiritusl, The kind of activity which we have recognized as science, with its 
acquisition, organization and intorpretation of knowledge, is classed in the 
fiold of the intolleoctual, The broad pictures of cultural and spiritual 
valucs have significance somewhat differont from that of the strictly scien- 
tific fiold of intellectual interests, 








Vithout attempting to prove that influenco of the sciontific attitude 
extonds farther than is assumed to reach, there may be advantage in oxemining 
the possibility that here also cooperation of scicnce with activitics of othor 
types may load to significant contribution, 
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In this phase of study, concerning what is furnished by science, con- 
sideration is given to relation of science to the two phases of human interest 
included in the regions of the cultural and spiritual, as commonly recognized. 


If I were to contrast science and culture, I would say that science is 


an attitude of mind which has to do with the securing of facts, their organiza- 


tion, and their interpretation, From my point of view culture is the highest 
refinenent of our appreciation of knowledge in the comprehensive sense, It is 
that wider vision which gives extended view of all that touches tho human mind, 
putting cach phaso of knowlodge in its propor relation to the others as soon 
through tho balanced mind of what wo call the fully rounded man, I am cspoci- 


ally coneerned with tho idea of developing the right relation between the pecu- 


liar vision and factual foundation of scionco and that broad picture of knowlege 


represented by culture. The "culture" to which reference is mado in the title 


of this paper illustrates in considcorable measure this point of view, But, even 


though cortain cultural velucs are scen as one result in contact of scionce 
with othor ficlds, it scoms important to examine the relation of scicnee to 
culture itsolf, 


‘From the nature of the case, culture vill be looked upon generally as 
Conservative, since it is that view that shows us knowlcdge of all aspects 
cach in its proper rolation to the others, and it givos us 2 situation in 
which wo havo balanced judgment concerning tho significance of these aspects 
of knovvledge, Thore is danger, howover, that culture may become too conser- 
votive. There is no finished chaptor and no closcd book. Knowlcdge advances 
continucolly, and culture must be expected to reccive now things from time to 
time to add to its genoral scheme, After all, culture must be constructive 
and not passive. It is the man with balanced judgment who sees the world as 
it is, human beings and their surroundings, with everything in its place, It 
is that man whose judgment is most important; but it must all be used for con- 
structive purposes and not allowed to become destructive or merely passive. 
So I see culture as a constructive element ropresonting the widor range of 
interests, sometimes involving science and sll or much that it furnishes us. 


As a student, many yoars ago, I was impressed by tho fact that scionco 
Clearly represents truth, and that culture as commonly visualized loads to art 
and to beauty, and that truth and boauty are among the most fundamental in- 
fluences in life. - There are many who are not able to sce that truth and beauty 
have relation. The philosophors will indicate to you that this question began 
with the Grecks or carlicr, and hag been covered by discussion and song down 
through the ages, 


Some months ago I picked up an old copy of o University of California 
magazine, odited by a mathomatician, a publication that up to the time of its 
death, quite recently, was devoted largoly to poctry. I was interested to 
find there an article by a student conecrned with resoarch who took time to 
write the following linos regarding boauty and truth; 


"Boouty and truth share one abode, I know-- 
It.is fallecy that truth is plain, 

As booutiful as mounteins tipped with snow, 
So loveliness adorns tho truth's domain," 
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It was not news the Greeks said it, and many others all the way 
through; but it is exceedingly important for us today to realize that there 
may exist and should exist this relation between these two often sharply 
separated aspects of our interest. The future of science and philosophy will 
make this relation clearer and more important to us--perhaps wo can help in the 
work, 


Spiritual values, Scen from some points of view, what wo call spiritual 
eloments may appear to roprescnt tho farthost stages of removal fron so-called 
practical living. But to many the veluc of spiritual things overshadows all 
other features, The contrast is especially clear when onc appreciates the fact 
that spiritucl values scem the oppvosite to the immediately practical because 
they oro tho formulation of what wo somctimos doscribe as the "ctornal vorities". 
They concern ultimate values, tho basic significance of things and the roal es- 
sence or actuality of their being. Tho fact that the spiritual may not always 
be described with exact mocts and bounds or mcasuromont does not moan less ro- 
ality. It may mean that those who pin thoir faith to so-called practical real- 
itics ropresonted by cxact measurement nay be farthest from truc understanding 
or oporeciation of the real factors involved in cxistence and in life. 


A broad view of the universe of things and of life impresses us with its 
vastness, It shows no bdoginning and suggests no ond--and yet we are wholly 
clear as to its reality, its moving, growing, ovolving boing. As scioncé ad~ 
venccs we suspect dangers in a complote separation of the so-called natecrial 
and hon-—naterial. Physics carrics us back to what ere almost intangibles, The 
clearer we are regarding the broader and deeper reaches of things physical, the 
nNearor WO May secon to core td what is ofton sct off in the realm of the spir- 
Waites wcronce hans difficulty in reaching the linits slinpsed in tho nhysical, 
and wo may not therefore be disturbed because ve are not able to apnly it fully 
to what we call the spiritual, But through everything we see running the bind= 
ing and controlling threads of essential truth. 


The clear unity of nature, with all its variety and the expression of 
its many forms of procedure in activity that we call laws, cautions us regarding 
the assumption that we can justify full separation of these things from other 
phenomena that we call spiritual, but that also exhibit evidences of undorlying 
unity in which definite modes of proccdure seem to cxpress thomselvcs. 


Whatever olsc bo truc, we scom to find what wo call the eternal voritics 
as the most impressively real valucs, and as showing most clearly tho character 
of our cnvironment--or our own nature as a part of this schome out of which we 
gscom to have come. We realize that however suporficial our formulation of 
these things, ve must keop scicnco in touch with the matorials of the so-called 
spiritual ficld. 


Wherever we look there appear, on one hand, the relations betwocon the 
factual materials shaping themselves to indicate modes of procedure called laws 
in scicnce--and, in ficlds close by, we sec thoso other varied types of activity 
known under difforent namos and with what appear to be other functions. But 
everywhere thoroe is indication that the proper rolation betiwvecon these other 
types and the activitics of scicnce gives new or incroased values, and advances 
our position in the world of things social and cultural, 
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An account of an attempt to give college students a general course 
in science; pp. 57-38, 


The lecture method vs. actual experimentation; the former is needed 
in order to get the benefit of mature minds, but the latter is 
indispensible. Pp. 38-39. 


Can the same method of approach be used for social problems as “for 
physical problems? Ppe 59-40. 


Some remarks on the scientific attitude; pp. 40-41. 
The truth will eventually come out, and should not be forced; ps. 41. 


Some remarks on the synthesis of different views and observations; 
get them all out and look at thom. P. 42. 


Should philosophy be developed by specialists in different branches 
of science, or by persons who attempt to glimpse the whole of 
sciénce without becoming experts in any one science? Both are 
necessary. P. 45. . 


An account by Dre Atwood on a new Pre of teaching at the University 
of Florida; pp. 44-47. 
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Proceedings of the Scminar 


DR. BLAISDELL: Dr. Merriam, we all regret, excecdingly that the Under 
Secretary is ill and confined to his homo and can't occupy the chair that you 
are occupying. (I would find another chair for you in that case.) 


This series of discussions is part of the serics of lectures, and the 
discussion moves from one point of view to another without any participant try- 
ing to impose his point of vicw on anybody clse or on the group as a whole. 


I am sure that everybody here who heard Dr. Merriam's lecture last night 
was impressed with the wide scope of the field that was covered; that ought to 
give amplo opportunity for questions and opportunity for difforent points of 
view to come to the surface. > 


DR. WINTERS: Mr. Chairman, last evening Dr. Merriam spoke of the need for 
a new generalization, the goneralization that would take into account the in- 
tegration of branches of science with each other and with our social problems. 
In view of an intonse specialization that we now have, I raise the question as to 
how our educational system can bring about the integration that is needod to give 
a student this goneral view. Shall woe attempt to develop gencralists or general- 


ized groups, or shall we attempt to use a more gencralized education to all 
groups? 


_ DR. MERRIAM: That is a proper question and I hone I have some answer for 
ite It is the kind of a question that I attempted to consider while a professor 
in the University of California many years ago. Somo of us there came to the 
conclusion that scicntific education ran too far into specialization, and that 
science became separated too far from the other ficlds of interest. We discussed 
the matter with the President, with the result that a committcce was set up for 
the purpose of giving what you now know as a course in general science. That 
course consisted, I believe, of twenty-eight lectures; and I think thore were 
fourteen professors participating. The course seemed to be a success. At any 
rate, after these many years, I am still mecting quite frequently students who 
took that work, and they say that in spite of the fact that they roecoived only a 
quarter of a unit credit, it was one of the interesting things in the college 
courscCe 


The lectures covered the whole field of scionce. They were very simply 
stated, but were cffective. They were given by vory distinguished people. They 
represented fundamental things in scionce, given with a clear form of statement. 
They made a decp impression, and brought about that integration of the sciences 
of which I have beon speaking. Also they brought about, to some extent, the 
integration of science with other subjects. I believe in that system, only I 
would intograte farther and in some instances bring science into relation to art. 


I think it is very unwise to allow students to go through ao university or 
college course without obtaining some idea of the meaning of the major fields of 
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Science or knowledge generally; not that they should have a smattering of every- 
thing and no understanding of anything, but that it is desirable to have some 
understanding of the general field. 


I remomber that the man who gave the lectures in geology in the general 
science course, a very distinguished man, who is at California still, and he said, 
"Gentlemen, I am to give two lectures: my first is concerned with the forces 
within which are constantly moving the crust of the carth, sometimes up and some- 
times down. My second lecture will be devoted to the forces in the atmosphere 
which are continually bringing about the erosion, or the destruction, or the 
modification of the surface of the carth." So he proceeded with those two 
things, one played against the other. At the finish he had illustrated with a 
fresh point of view what is in the immediate environment of Berkelsy, something 
everybody there should know. 


DR. SEXGER: Dr. Merriam, do you believe that the students will get an 
appreciation of the methods of science by attending lectures on the various 
fields of science, or should they have a more intensive study of some one branch 
of science in order to appreciate its methods? 


DR. MERRIAM: The lecture method is evidently necessary in order to bring 
carefully digested results of the thought and experience of investigators to- 
gether in such form that the mind can form a picture. But it is also a tremen- 
dous handicap because we very soon put the lecture in place of everything else, 
and everything is done merely by talking about it. Have you been a professor? 


DR. DEMING: Dr. Seeger is Professor of Physics at the George Washington 
University. 


DR. MERRIAM: I have been a professor also and know the advantages and 
disadvantages of teaching. Some of the disadvantages are that you do so much 
that after a time it becomes second nature and you may almost talk too easily. 
The thought back of what is said may shape itself without meaning much, and 
after a time the lectures may formulate themselves without meaning much; and 
the textbooks do that. It is a dangerous thing, and yet it is necessary that 
we have organization of thought. But in my ew subject of paleontology, I 
often said to the students that I would rather have them for two excursions in 
‘the field than for a whole course of lectures. So we arranged for excursions, 
and we established a system that I suppose the Department of Pedagogy would say 
was bad--of what I called the little theses. Every student on one of those 
trips was expected to select a subject for a paper. He was to pick out the 
subject himsolf, find tho thing in which he was interested, and write it up. 
After a number of years I went over these theses (several hundred by that time) 
and I discovered that two percent of them contained things that were new to 
science; and before I left the University, five percent of them contained 
things that were new to science. In other words, I believed in the method of 
having them investigate something; to develop the research spirit, and find out 
how it is used. Does that answer your question? he: 





DR. SEEGER: Yes, sir. 
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DR. MERRIAM: At one time when the little theses were being selected, a 
very famous student soclected as his thesis--he was a specialist in chemistry-- | 
the writing up of the composition of the fat. of an extinct mammoth body found in ; 
the frozen Pleistocene deposits of Alaska. The animal had been frozen in that 
mud for some tens of thousands of years. The question was, had the fat changed 
particularly in that time? I wanted to know. I had tasted some of it and wonder-= K 
ed whether it was really fat or whether it had changed to something else. The | 
student took a small piece over to the laboratory and laid it on his desk, and a | 
mouse came and ate part of it. They proved that it was a mouse, by the marks of 
the teeth, which was an investigation itself. Word got around the class that a 
mouse had eaten a piece of this fat and it must therefore have boen fairly good 
fate That had a great effect--the fat was somothing edible. So here were three 
picces of investigation: one, on the chomical composition; next, that it was a | 
mouse that ate it, because of the marks of his teeth; and, third, it must have 
been edible. 


DR. A. G. McCALL: I should like to ask, Dr. Merriam, if the same method | 
of approach can be used for social problems as for physical problems? | 





DR. MERRIAM: That is a real question. I would answer yes and no. Yes, 
that the sciontific method of approach fundamentally is the securing of accurate 
data as to what situations are, in othor words, the facts. There is only too 
much social research which is only what someone thinks about it at the moment. 
What I wish to see in social research is very careful intensive investigation 
that will give us what the newspapers sometimes call “the true facts," as if 
there wore several kinds. Social science needs to slow up a little. 





To show that I am really generous with reforence to that field, I féel as 
should have more time and more money and more offort and better organization put 
into it than has thus far been available. 


Some years ago in Europe, I studied a group of reptiles known as 
ichthyosaurs, or fish lizards, which are common in some of the oldor formations. 
They look like fish, their limbs are paddles, and their tails arc like the tails 
of fish. They have doubly concave vertebrae and othcr fish characters. When a 
fomous English anatomist studied thom, he thought they might be descended directly 
from the fishes, and therefore that the reptiles came directly from the fishess 
Others had the idea that they came by another route. Then I saw a specimen in 
‘ Norther Italy from a formation older than the rocks in which the typical ich-= 
thyosaurs were found. It appeared that the thigh bone, instead of being a little 
plate-like bone shortened up from a leg like that of the crocodilo, was a long 
bone. I considered the idea that the farther back you go the longer this bone is, 
until you reach a stage like that of the crocodile. 


Then I came back to Amcrica and studied the formations in the westem 
United States for many years, and obtained some carloads of ichthyosaurs from much 
older formations and found that the older or ecarlicr animals were more like the 
crocodile and even tho vertebrae became flattcr at the onds, until in the earli- 
est known forms they were almost flat, with hardly any or only a small Sop sae 
instead of with a fish-like biconcave form. 
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The study of the evolution of this group of reptiles, I sometimes call 
planning backwards, or looking back into the steps of the development of the 
thing, showing thet the farther back you G0 the simpler it was. When we finished, 
we had proved that the theory was correct. In other words, the animal probably 
had started froin a shore: form and sraduelly changed and changed until it was 
adapted for life on the high seas, and rarely came out on the shore. The eggs 
were retained in the body of the mother and the young were hatched eee We have 
fossil ichthyosaurs with the eggs inside with the young ones developing. That was 
a long, long story'but I believe that it was worth while. It is perhaps a better 
evolutionary story than the famous evolution of the horse, and was worth the 
effort put into it. 


Now you will not often find a piece of investigation in the social 
sciences into which as much effort has been put as was used in this long study of 
the ichthyosaurs. But I think that the problems in the social studies would 
warrant putting a hundred or a thousand times as much effort on them as in the re- 
search just described. That is what I should like to see, a careful selection of 
social problems with more money and-more time and more effort put upon them to 
obtain the so-called "true facts." I hope I am answering your question. 


DR. McCALL: I think you are answering it very well. 


DR. MERRIAM: The method of biclogy is not exactly the same as the method 
of atomic physics: There sre certain things in common but there are meny differ- 
ences between certain aspects of research in atomic physics end in the study of 
some aspects of soil chemistry. Likewise there are differences between research 
in physical sciences and research on sociel problems, considered broadly; so that 
is the yes and the no of the answer. Does that answer the question? 


DR. McCALL: I think so. I just wanted to hear your opinion and bring out 
the discussion on it. 


DR. MERRIAM: If I had another life to live I think that, having cut my 
teeth in paleontology and written some general articles on these subjects, I 
should like to put the other life on social sciences. 


DR. DEMING: While there are different methods, don’t you think that the 
scientific attitude is really one aoa approach that could be applied to all 
branches of learning? 


DR. MERRIAM: I am glad that you bring that out, because I like personally 
to use the term "attitudes of mind" with reference. to all these things. When you 
say "method," you almost elways wish to tie it down by sharply defined lines or 
Tieures. “Attitude of mind is, I think the best term to use. If you use it for 
science, and art, and in some measure for religion, and so forth, you seve your- 
self a lot of trouble. 


QUESTION: I have in mind the question of socicl problems, specificially, 
certain problems that have come before the Parent-~Tenchers' Association meetings. 
There are scientists in that association and slso lawyers, businessmen, and so on. 
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When it comes to a problem, what shall we do, and the scientist says, "Let's try 
this," but some of the businessmen and others -- and I find they have had. the 
general scientific courses you mention -- they have the solution already; they 
say it won't work. They are conservative and we all know the conservatism of 
farmers, for example, toward new ideas, toward trying out something he knows in 
advance is no good. In other words, I would say he doesn't have. the scientific 
attitude of mind. 


DR. MERRIAM: The scientific ettitude, of course, requires open-mindedness.7 


DR. BELL: Dr. Merriam, I should like to ask how in this synthesis of the 
various fields of thought (which I take it would lead to generalizations), we are 


to keep those generalizations alive, moving to meet the progress in the various 
fields? } 


DR. MERRIAM: If the generalizations are actual expressions of what ex- 
ists, they will immediately give an explanation to situations that have, up to 
that time, not been quite clear; and you will have originating from the applica- 
tion of the generalizations a number of new fislds of work of a special type, so 
that the generalization over ell will have lying under it a number of new special 


kinds of things which I suppose would themselves help to keep the generslization 
itself alive. . 


: DR. BELL: The human mind tends to become stagnant on questions that are 
settled. I think that is one of the things that every scientific man has to 
fight in his own field, and if generalization does not take place as a natural 


result of the progress of science, I see certain dangers in those generalizations. 


We tend to become dogmatic. In my own mind, in all these things there is an 
attitude of mind to be considered. I think it is | matter of education, and that 
the synthesis of ideas tends to take care of itself. 


DR. MERRIAM: I should say, by the way, that I hadn't thought of the 
synthesis as being forced. I had assumed that it would be a natural development; 
that is to say, as your work proceeds you perceive that certsin things are re- 
lated and their generalization comes into being. Newton, in his discovery of the 
law of gravitation, didn't force it. And so the discovery of most of these 
things is a more or less spontaneous thing. It keeps alive because it is true. 
If it is not the truth it ought to die. If it is the truth it will remain alive. 
The most dangerous thing that one can do to anything that is supposed to be the 
truth is to force it. I don't know whether that meets your idea. 


DR. BELL: I think it does. Conscious effort is reauired to synthesize 
our various fields of knowledge, and that conscious effort is justified if we are 
constantly investigating that synthesis. 


* More of Dr. Merriam's views on this subject may be had from his collected 


papers in volume 4 of publications 500 of The Carnegie Institution of Washington, 
recently reprinted. kd. 
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‘DR.  MERRIAM:. So far as conscious effort is concerned, the only thing I 
have in mind is that if you were working ina field of, considerable size and 
“you specialized in 9 good many things here and there, and you obtained new 
results, cach one of them adding to the pile of things you hadn't known before, 
after a ‘while you would say, "Here are all these things wo have found out in 
the last twenty-five years; I wonder, if we laid them all out on the table and 
examined them, whether some principles wouldn't come into view that we had not 
seen before; and if we found those principles, whether there would not be some 
new discoveries made that would be important to science and mankind." And so 
you review the whole sub‘ject to see what generalizations may be obtained. That 
is all I had in mind with respect to synthesis--it ought to be umder continuous 
examination. 


In my last annual report as President of the Carnogic Institution,* I 
wrote a few pages on this subject, but from another angle. The statement 
‘concerned interpretation of science, suggesting that as specialization goes 
forward, the terminology becomes so difficult that very soon, like the people 
she ree building the Tower of Babel, you reach to a place where the men in 
the same large building’ do not know at one end of the structure what those at 
the other end of the building are doing. My suggestion was that if the work of 
those people is put into some generally intelligible form, and made available 
to the EE ae the other ‘scientific workers could read it and understand. 


In the Carnegie Institution we established a system of releases quite 
a number of years ago. We thought we were doing a great thing for the man in 
the street who otherwise would not know what was going on in (e.g.) atomic 
physics. Where did we get the first reaction? Not from the man in the street, 
but from men in other scientific ficlds, who said "Now for the first time we 
know what those people over there aro doing.” That was quite a discovery, 
and I made the point that the interpretation of the results of science was 
extremely important for the advancement of science and the production of the 
materials that would lead to major generalizations. 


* Report of the President of the Carnegie Institution of Washington for the 
“year ending Oct. 31, 1938; page 3-in particular. See also the report for 
the yoar ending Oct. 31, 1956; page 9 in particular. Ed. 
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DR SHPGER: Dr. lierriam, I want to go back again to that question of intes — 
gration, Parti miep iy Wien reference to something you said last eveningt about the ) 
relationship of science and philosophy.# To state my thought I should like to giv 
just a little background. A few years ago I was giving a course in physical 
‘science in which I invited the professor of history to come in and tell what the 
relation of history was to physical science. Ie defined history as the study of 
man in ‘relation to his environment. I thought that was pretty good. Later ona — 
professor of philosphy came in to tell about the relationship of philosophy to 
physical science. He said, "Students, what is physical science? Physical science 
is the study of the relation of man to his environment." I got the point that 
they were all working on the same problem but approaching it from different angles 
As we approach the same problem from different angles, we all arrive at different 
questions, what is real, what is true, what is known. I suppose the general phil- 
osopher is tho man that proposes to answer those questions in a general way, 
whereas the scientist may attempt to answor them from his own particular angle. 
My question is this: should the philosophy be developed primarily from a scien= 
tist answering these questions from his own angle or from the general integration, 
the philosopher trying to answer the questions in a general way? Of course I 
appreciate that both would be necessary in the long run, but is the immediate 
result. to be obtained from the scientist or from the philosopher? 





DR. MERRIAM: JI should want to try it both ways, but I should think that 
the scientist ought to take the method of the philosopher and apply it to his om 
subject, and then he should go out to see what would happen if he looked at his 
own field from the same position and with the attitude a mind of the philosopher. 


DR. SCHWARTZ: Dr. Merriam, you not only have had wide experience as an 
educator but in guiding the work of specialists. This group of men in the harness 
have passed through their university careers and are tenet: to handle their jobs 
in the various scientific fields. What is your suggestion concerning ways and 
means of keeping that broad outlook and still doing the specialist's job that 
these men are engaged to do? 


DR. MERRIAM: That is almost the hardest question of all. I should say, 
first of all, by doing just what you are doing here at these conferences; second, 
that you should, from time to time, go over into the other fields and see what 
there is that touches your subjects. I suppose I ran some risks yesterday 
evening in referring, for example, to religion,** and reforring to rcligion again 
under the head of the imprint of nature, but I did it quite delibcrately because 
I have thought about it for a long time and I think it has significance. Religion 
is a thing that in these days often comes to be looked upon either as outmoded or 
as something that is put over in a separate category that does not concern par- 
ticularly the point of view of the scientist, and unfortunately there are only 
too many people who are concerned especially with religion who do not scem to 
feel that there is much in science that might be of interest to them. I believe, 
however, that there are enough interconnecting threads so that it is worth while 
to discuss the two, particularly as religion has a very important influence in 
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the world. I consider it worth while to look there to see what can be of impor- 


tance to the one who is thinking about the geen of science in the kind of a 


world: in Which we are. living. 


Peo ee eT tayo eae over just a moment to the aspect of nature that I 
referred to, I have been very much discouraged from time to time when I realized 


‘that the average person goes through life without seeming to notice the world of 


nature in which he lives, and the possibilities of things that it might give to 
him in the sense of enjoyment,* comfort, and strength. 


I do not know whether any of-you have seen a book by Dr. Beach of the Uni- 
versity.of Minnesota, called "The Concept of Nature in Nineteenth Century Fnglish 
Poetry," in which he points out how Tennyson and Shelley and other writers had a 
marvelous conception of nature in the 19th century English poetry. Then he comes 
to the 20th century:cnddrops into the depths of discouragement. 


There is a case, by the way, in which the ¢oncepts and broad views of what 
we findabout us.are important. There are relatively fow who look far enough into 
nature with the spectacles of science, the telescope, the microscope and the spec- 
troscope, and so on; very’ few who cver see what a magnificent universe this is, 
and how it is built and what effect it has upon us. I feel science has a great 
“alos to oe lik 


‘Iwill end this with oa statement that I made last night; that you are aim- 
het Goward democracy. Iam strongly in favor of a scheme that has somewhere in 
its constitution the idea of looking toward the meaning of democracy. I am more 
than ever convinced that there must be continuing reviow of what relates to 
democracy, based upon the idea that such a government can succeed only as it rests 
upon a well educated altruistic citizenry, which ought to be educated in the field 
of social science as well as natural science, and which should umderstand art 
and religion. 


‘DR. BLAISDELL: ‘This is a good discussion and the proof of it is that I 
haven't felt very much impelled to interfere at any moment or felt impelled to 
direct it along any particular line. But we have asa guest today Dre Atwood 
from the University of Florida, who is engaged in a work that derives a good deal 
of its inspiration from association and contact with Dr. Merriam, particularly in 
tise: frelda of integrating ee various fields of science at the undergraduate 
level; 


Dre Atwood, we should be glad if you would take a few minutes totell us 
what you are trying to do in Florida in that connection. 


DR. ATWOOD: At the University of Florida we*have attempted to put some 
sort of integration into effect. You are oll familiar with the problem that faces 
state universities, where large numbers of students onter and at least fifty 
percent of phen have to leave for one reason or onother og the end of the second 


*The reader may recall the experience related On Dp. OCs 
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year. While sitting around the table wondering what those students had when they 
left the University of Florida at the end of two years, we became very discouraged, 
They had two or three spoonfuls of pre-doctor's degree chemistry, two or three 
spoonfuls of pre-doctor's degree physics, two or three spoonfuls of pre-doctor's 
degree English history, and so on and so on. We decided to set up a two-year 


period of gencral education that would net something worth while to those students | 


who stayed only two years, andatthe same time would be satisfactory as prelimi- 
nary work for upper division or regular college and university work. 


We set up six basic courses. We set up Man and the Social World; Man and 


the Physical Worlds; Man and the Biological Worlds; English (called Reading, Writing, 


and Speaking); Man andHis Thin’cing; and a course in Humanities. Those six 
courses formed the foundation of a general educational program. They all meet 
four hours a week right through the whole year, with the regular six hour objec- 
tive comprehensive examinations at the end. 


Four of those courses: Man and the Social World, Man and the Physical 
World, Man and Wis Thinking, and English, come in the first year. Man and the 
Biological World, and the Humanitios, come in the second year. The: problem is. 
twofold--to set up a program that is satisfactory for the two-year student, and 
at the same time give a satisfactory preparation for the four-yearsstudents. 


In the second year we have what wo call terminal electives for the twoe 
year students, and connective courses for those that intend to go on further. As 
you would expect, the connective courses are a bit harder and go into things : 
deeper than the gencral clectives. So tho two-year student comes through this 
basic program, gets his Associate of Arts degree, leaves the University and goes 
merrily on his way. The ones who have shown ability in the basic courses and are © 
planning to go into the upper division go into the connective courses, which — 
bridge the gap between the broad basic course and the third-year courses in the 
various fields. 


In regard to the problem of integration, we tried all the various methods 
of doing it on paper and even called in some professional pedagogues to help us, 
and finally decided the way to do it was to get the man who was teaching to teach 
at several levels. For example, the fourteen men teaching Man in the Social world 
are divided up more or less evenly between those four fields, so that the man who 
is teaching the basic course is either chairman of the connective course or is 
actually teaching it himself or teaching part of it. The same thing goes on into 
the junior or sénior year. In some cases we have men teaching courses in the 
Graduate school, in the upper division, in the connective period, and in the 
basic freshman course. The surprising thing is that these men up here who are 
supposed to be the most outstanding men in the University are the ones now anxious 
to teach in the basic courses, It is a very interesting thing and of course 
exactly what we hoped to develop. 


Now just one minute on the course Man and the Social World. I can describe 
it by saying that we use the social sciences, we don't teach them. In other 
words, we use history, political science, sociology, and e€conomics. We use all 
fields but we are teaching Man and the Social World. Man is a part of the social 
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world, influenced by and using the physical world to get the goods and services 
necessary to satisfy his needs and wants. This concept is the theme that runé 
through the whole year's work, and the student has got this continually in front 
of him and his generalizations are related to this. theme, not to history or to 
any part of it. 


We have two lecturcs a week andtwo discussion groups a week. Each student 
goes four times a week; two big lecture sections, where the purpose is to teach 
concepts, ideas, or ideals; then he goes into small groups of twenty-five or 
thirty twice a week where these things are discussed. 


About two or three weeks ago the lecturers were dealing with civil, eco- 
nomic, and political rights. The student says "Well, what are these rights? 
What about this watch of mine? Is it mine? Why is it? Why do you say it is 
yours?" Finally the.student says, “Because.I can give it away; I can sell it. 
Why do you call it private property?" Pretty soon he says "Well, I can pass it 
on. I can destroy it if I want to." “How about your necktie, is that your 
private property?" "Well, I have the right to do this or the other thing with 
ite But have you the right to hang somebody with it?" and he says "No." Well, 
you are right down to the basic principles behind the concepts that are in the 
lectures, coming down to everyday examples in the students! own lives, and 
realizing, of course, that private property is an institution, as the social 
scientist is bound to have it called. If it is an institution, what is it based 
on? 


Now while jumping from one thing to another, I have tried to show you 
graphically what the program is and a little regarding how it works. It is an 
attempt to carry out in a broad way with an undergraduate program the ideals and 
concepts that Dr. Merriam spoke of last night and this morning. I want to make 
it perfectly clear that this is not an official description and the opinions 
expressed are definitely my own reactions to the program. 


MR. TOLLEY: How do your students react to this? 


DR. ATWOOD: Well, the first year, with three classes of conservative old- 
plan students, the freshmen were more or less high-pressured into not believing 
in it, but by the time there were three classes at the University who had been 
through the new program, then you began to see seniors who hadn't attended those 
classes coming back to visit these lectures. They said: "What is this thing we 
have been hearing?" "We are coming back just for the he gg of it, to find out what 
it is all about." This year the first class graduates that has gone through the 
whole program. I don't want the whole program judged by this first class, however. 
I want to wait two more years before we judge the program, but the reaction has 
definitely changed as the students go through it. 


MR. TOLLEY: How much have the contents of the course changed out of the 
experience of the five years? 


DR. ATWOOD: Very much. We started out by filling these courses so full of 
everything we knew that nobody could ever have taught the course, and if he did, 
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nobody bould have gotten anything out of it. We try hard to choose only the 
material that will help to put the concept across. We like to have some reason 
why factual material should be included. We are coming out with about twenty 
or twenty-five basic concepts. That means there is about one concept a week so 
far as the students are concerned. The thing we should like most at present is 
to have more discussion groups to back up the lectures. 


DR. BLAISDELL: Dre Merriam, have you any comments you would like to make 
on Dre Atwood'ts presentation? 


DRe MERRIAM: No, I think it,is a very interesting scheme to work out ina 
University. I have talked to Dr. Atwood a little bit about it and I talked on 
this subject some yoars mgo when I was down there at Gainesville. 


DR. BLAISDELL: I am sure I have a number of questions that I would like 
to put to Dr. Merriam growing out of the talk last night. There are probably a 
good many here who feel that we have just gotten well into the field that was | 
covered so woll by Dre. Merriam, but dur deadline’ is rapidty-approaching so I 
think this is a good time to stop. 
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Lecture III 
DOES SCIENCE AFFORD A.BASIS. FOR ETHICS? 


by Edwin G. Conklin 
Emeritus Professor of Biology, Princeton University 


In the auditorium at 5 o'clock 
eed March 1939 


ory 
I supnose that I have been asked to speak unon this subject: be- 
cause I discussed it a year ago in an address before the American Associa- 
tion for the Advancement of Science. This, however, isn't the address © 
that I gave on that occasion. The subject of ethics is long and comnli+ 


cated. Many, many books have been written on it, and I have only another 
ynhase of it to take un with you this afternoon. 


No doubt the question in the mind of Under Secretary Wilson who - 
suggested the subject to me was the fact that science has undermined so 
much of the traditional religion on which ethics was largely based in 
former generations. We have all ra this; every»xone of us must have 
felt it and felt keenly the lack of 4 certain social morale that has 
been caused by this undermining of religion and the sanctions of reli- 
gion. People are’ no longer frightened by thréats of hell nor lured 
by promises of heaven, and the question is, what basis is left for ethics? 
Many neople believe that science has debased man and destroyed spiritual 
values. It. has shown that the world in which we live is a tiny sneck in 
a second-rate solar system, that man is only one of a million species of 
living things that exist on the earth, and that he is of little signifi- 
cance in the vast system of nature., This feeling is rather widespread 1nd 
it has largely influenced our concent of ethics. 


In attempting to answer the question, "Does science afford a basis 
for ethics?” It will be desirable to deal eis + with the theoretical and 
then with the much more serious problem of inet geo ethics. Is ethics 
natural or supernatural in origin? That is the key question. When I was 
a student in college we were taught the supernaturel origin of men. Mind, 
language, and esvecially ethics, were gifts of God by which man was sharp- 
ly distinguished from all other animals. A few years ago the students 
at Princeton University staged a debate between myself and a professor 
of a theological seminary on the subject of evolution. It was at the 
time when William Jennings Bryan was stirring up the country on the dangers 
of evolution. And let me tell you there was a good deal of keen sense on the 
part of Mr. Bryan in this, for he recognized that the doctrine. of human 
évolution was striking right at the traditional view that man was above 
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nature, whereas evolution was teaching that man was a part of nature, 
and that he had come into existence by natural processes. 


Well, in this debate which the students had staged between me 
and the theological professor, I spoke first on the evidences of organic 
evolution and that of man in particular, but when my theological colleague 
rose to sveak he surprised me and the audience by saying that he had no 
objections to offer. to my argument; he was willing to let the biologists 
deal with the origin of man up to the time when man became a free moral 
agent. There, in his belief, natural evolution ended and supernatural 
causes entered. This is the position of many liberal theologians today, 
but while their recognition of the evolution of lower forms of life and 
of the body of man is gratefully acknowledged by the scientists, the 
final introduction of the supernatural does not satisfy the naturalist. 
To the thorough-going scientist "Nature is everything that is," and the 
evolutionist finds abundant evidences of the natural origin of mind, 
language, and even of ethics. Indeed, even the sunernaturalists in 
these evil days of crises attribute the ethics of some modern peoples 
and nations to the Devil rather than to God, whereas the naturalists,. 
if they are genuine naturalists, ascribe both good and bad to nature. 


There is nositive evidence, as you all know, that in times long 
past there were tynes of human and partly human beings that were more 
brutish in body, mind, and social relations, than the general average 
of the present races. There is abundant evidence that ethics has under- 
gone evolution no less than intelligence. It has developed from its 
beginnings in a primitive family groun through tribal, racial, national 
and international relations, from the ideals and practices of savagery 
to those of barbarism and civilization, from the reign of vengeance and 

retribution, as shown in the ancient code "an eye for an eye,’ "a tooth 
for a tooth," and "whosoever shedeth man's blood by man shall his blood 

be shed." This+was the iron rule of retribution. Ethics has nroceeded 
from this to that highest conception of ethics embodied in the Golden 
Rule. But just as in physical evolution, there are retarded or retro- 
gressive individuals or races, so also in the development of ethical ideas 
some people and veriods are far behind others and all fall short of their 
highest ideals. 


In this question of the origin of the mental and moral character- 
istics of man it is not necessary to go back into the distant past of 
evolution for we can see in children today the development of the mind, 
the acquirement of language, and the growth of ethical ideals. Nowhere 
im this development is there a sudden introduction of supernatural 
factors. If anything in the world i's natural, the development of the 
body, mind, and morals of a child is natural. This is nat to say that we 
understand all about nature, that there are no mysteries involved -- 
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indeed the more we know of niture, the more mysterious it becomes. For 

all science knows to the contrary there may be in the whole of nature, 

from sands to stars, from germ cells to geniuses, a mental, moral, teleo- 
logical, ethical substratum or medium in which all things exist and develop: 
but, if such there be, it also is a nart of nature and not some foreign 
supernatural interference with the regular processes of nature. 


II 


Those who hold that nature cannot accomplish what we see around 
us and feel within us have too poor an opinion of nature. They forget 
or are ignorant of the marvels of development. They contrast the most 
highly developed type of intellect, ethics, and human vnersonality with 
the lower forms of life or with imanimate matter and declare that "never 
the twain shall meet." Looking at. the end product of any develonment it 
does seem incredible that it should issue from such simple beginnings, 
that a beautiful flower or butterfly or bird should have come from a 
germ ceili. .if we did not know that itis trues, it would be incredibls 
that a microscopic egg cell could develop into an elenhant or 4 man. 

Or, most wonderful of all, that geniuses like Socrates, Plato, Aristotle, 
Newton, Darwin, Pasteur, Shakespeare, Goethe, Beethoven, were once 
babies, embr’‘yos, and germ cells: and yet no one denies this. It does 
seem incredible that reason, emotion, aspiration, and ethics, should 
deveLonout of such simple functions and processes as sensitivity, 
reflexes, trial and error, and yet these incredible things are actual 
facts that can be verified by anyone who will take the trouble to inves- 
tigate them. 


Similarly, it seems incredible that all the hosts of heaven and 
the furniture of earth should have come into existence by a process of 
natural development or evolution, and yet almost universally scientists 
hold this view, and more and more peorle accept it. The evolution of 
palaxies and stars and solar systems; of the earth with its oceans and 
mountains, nlains and rivers; of nlants and animals and man himself; the 
evolution of all the chemical comnounds found in nature, and sven the 
evolution of the chemical elements are nlainly indicated by all the 
evidences available. In short, evolution,like individual develonment, 
is a universal law of nature. There is no creation out of nothing; 
exemibilo ninil fit. 


Everything in the universe comes into existence by transformation 
rather than by new formation. And yet in this nrocess of transformation 
or evolution new nronerties apnvear as the result of new combinations of 
the same old elements: for example, new combinations of protons and 
electrons give rise to new atoms; new combinations of atoms to new 
molecules; new combinations of molecules to new compounds. Ina similar 
manner in the living world new combinations of genes give rise to new 
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chromosomes, and new chromosomes give rise to new tynes of organisms, so 

that we have this vroduction of newness by the simple vrocess of new com- 
binations-+-what has frequently been called creative synthesis or creative 
evolution, or, more recently, “emergence.” In the develonment of a universe, 
no less than of a man, new forms and functions annear as a result of these 
new combinations. 


Psychical develormment begins with differential sensitivity, or the 
ability to respond differently to stimuli of different quality or degree. 
For example, sunnose you take a single celled protozoan like a parameciun, 
and perform the simple experiment that is often used to show students 
the behavior of such an organism. You put them in a trough of water, one 
end cooled by ice, the other heated by a flame, and you find that ina 
short time they are all gathered in the middle region. As you watch any 
one of them you find that as it gets to the hot end it slows un, »vretty 
soon stops and backs, and finelly turns around by a series of movements 
and goes in the other direction until it gets to a region which, we will 
say, is uncomfortable (I don't know why we should deny that feeling to 
the naramecium), when it backs again; and so it keeps going back and forth, 
avoiding extremes of heat and cold and keeping in a middle region which 
is comfortable. 


Plants do similar things. If you take a germinating bean seed, as 
we do in elementary courses in biology, and pin it on to a cork sheet which 
is held in a vertical position and kept wet by water, you find that the 
shoot starts to grow up and the root to grow down. Then if you rotate the 
sheet through 90 to 180 degrees you will find that the shoot will continue 
to turn up and the root down until it will wind up into a spiral like 
a watch spring. These parts of plants are doing what the animals do, 
they are ‘responding differently to different kinds of stimuli, or to 
the same stiumlus when it is in different degrees, and they are respond- 
ing in generally beneficial ways; they are moving in ways that are satis- 
factory and avoiding those that are unsatisfactory. 


Now such behavior is fundamental in all living things. They 
follow or grow toward the satisfactory and avoid the unsatisfactory, 
Here are the beginnings, the very elements of the psychic life: and it 
is evidently based upon the ability to distinguish or differentiate 
between that which is satisfactory and that which is not, and to follow 
after the one and avoid the other. And this very fect, this very prin- 
civle of distinguishing or differentiating and choosing or following is 
the basis of wisdom in men as well as in animals and plants. There is 
indeed a wisdom of animals and plants that is based upon the same fun- 
damental vrinciples as in the wisdom of human beings. 


In the psychic development of higher animals and man differential 
sensitivity gives rise to the special senses. Tropisms or reflexes, which 
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are fixed methods of response to stimuli, aré linked together into in- 
stinets. Conditioned resnonses that ere often repeated become habits. 
Effects of responses that are stored in the protoplasm are known as 
protoplasmic or organic memory, such as are seen in the training of 
muscles and nerves in learning to walk or talk or nlay games. When one 
protovlasmic memory comes to be often associated with another and dif- 
ferent one we have associative memory. Any animal that can learn any- 
thing, as for example the association of the sound of a bell with’ the 
presence of food, has associative memory. Such memory is found only in 
animals with a nervous system. Each of these steps in psychic develon- 
ment is an "emergence" to a new and higher level, and each new level 
makes possible further develovment to still higher levels. 


ELE 


With increasing complexity of stimuli and responses, behavior be- 
comes less rigidly fixed ana is more variable. Every biologist who has 
tried to demonstrate to a ciess what should happen under certain con- 
ditions is sometimes much disturbed because it doesn't happen. Animals 
do not always behave as they “ought" to behave. Their behavior shows 
some variability or modifiability, and is not fixed. Recently the 
physicists have been telling us that even in physics things are not rig- 
idly fixed. Charles Darwin of Cambridge, physicist, and the grandson 
of the great evolutionist, said in his oresidential address before the 
British Association last August,* that there is a certain fuzziness 
about ell phenomena in nature -- things ere not absolutely clear-cut 
and sherp, but there is a certain variability. Now this is especially 
true of living things and this brings in the possibility of modifying 
behavior. Instead of responding to stimuli in a purely mechanistic 
way, Organisms seem to have a certain amount of freedom, which may be 
due to conflicting stimuli or internai states or previous experience. 


I can make this vlain by telling the story of a bull frog which 
we kept in our laboratory for several years. When we first brought 
him in he was frightened whenever anyone came near his aquarium, and 
he would go off in a dark corner and hide. By gentle treatment and 
by holding up buzzing flies on forcents, we could induce him to come for- 
ward and grab the fly, after which he would go back once more. You 
could actually see in the behavior of this frog the balancing of ovnos- 
ing stimuli. The stimulus of hunger lead him to come forward; fear would 
cause him to retreat. Finally when he found no harm in coming for- 
ward he would come to the front of the aquarium whenever anyone came 
near. He had learned to control his fear, and there had ceased to be 
any inhibition in his responses to the stimulus of hunger. 


* C. G. Darwin, “Logic and probability in nhysics", 
Nature, vol. 142, 27 August 1938. 
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In this way a certain aihoutt of freedom comes about, and free- 
dom is invariably measured by the extent to which remembered experi- 
ence influences behavior. Remembered experience is what we call in- 
telligence, or rather, intelligence is this capacity of profiting by 
remembering experiences. Reasoning is only intelligence of a higher 
sort, where we deal wi th things in general” rather than with specific 
Cee Let me ‘illustrate this distinction between intelligence 
and reason. On the farm where ¥ was brought up we ysed to have a 
horse that had learned the trick of opening a gate, He knew just how 
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to do that; he didn't make any mistakes ance he had learned. “He was 
just. as intelligent as I was in opening that gate. He had learned by 
experience to lift the latch and let himself out. But when we put 
another kind of a fastener on the gate, he was lost: he couldn't re- 
flect as a man could, "Now this after all is a mechanism for fastening 
the gate and it must have certain qualities similar to the old latch 
that I am acquainted with." He could not do that; he had to learn it: 
all anew. He was not able to generalize. Reasoning is the power of 
generalizing, of comparing things and seeing certain resemblances that 
are fundamental, and ruling out those things that are accidental. 
Reasoning develops in the lifé of the human individual from these simple 
beginnings that I have been describing. 


Of course, there are many other things that go into psychical de- 
velopment that I haven't time to describe, such as food, vitamins, hor- 
mones, etc. You all know that in the building of any structure there 
must be materials such as bricks and mortar. Likewise, in the building 
of the body and mind there have to be carbohydrates, fats, proteins, 
enzymes, hormones, and vitamins, and they vlay a very important part, 
but they are only the bricks and mortar that are used by the particular 
form of protoplasms and cells that are building the body and all its 
functions. 


VI 


In general, development is a gradual process, but we recognize 
that there are stages when it passes from a lower level to a higher 
level by the process of emergence. Finally, the highest level of hu- 
man development is attained when purpose and freedom, joined to social 
emotions, training and habits, shape behavior not only for personal but 
also for social satisfactions, for society no less than the individual 
is seeking satisfactions, and when all of these things combine, we 
have what we call ethics, or the science of right conduct. Thus ethics 
is born and man becomes a free moral agent--not absolutely free, of 
course, nor absolutely moral, but an agent of limited cavacity and re- 
sponsibility, who has developed under natural laws from a condition 
which is neither free nor moral nor responsible. 
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Since ethics depends unon- training and habits as well as upon 
heredity and development, its aprroved codes vary from time to time 
and among differeht peoples and racés. What is regarded as a high 
type of ethics in one race or age is wholly condemned in another. And 
in general there has been throughout the course of human history an 
evolution of ethics from relatively simple and crude and local types 
to more complex and refined and universal ones. 


Here, in brief, is what may be called the scientific idea of 
the origin of man--of his body, mind and morals--and it is in sharp 
contrast, to the traditional view of the supernatural origin of all of 
these. Many nersons, even many scientists, have assumed that since 
all this development is the result of natural processes it has de- 
graded man, debased reason, destroyed freedom, debunked ethics, and 
last of all, eliminated God. In his condemnation of evolution old 
Thomas Carlyle said: "I have known three generations of Darwins, 
atheists all." It is interesting, that he knew Erasmus Darwin, the 
grandfather of Charles Darwin, Robert Darwin, the father, and finally, 
Charles Darwin himself, the great evolutionist. If you will read the 
"Origin of Species" by Charles Darwin, you will see that in the last 
paragranh of that book he says, "There is grandeur in this view of 
life, with its several powers, having been originally breathed by 
the Creator into a few forms or into. one." JI merely bring that out to 
show that after all Charles Derwin wasn't necesserily an atheist, in 
spite of Thomas Carlyle, who continued: "Ah! it is a sad and terrible 
thing to see a whole generation of men and women wandering about in a 
nurblind way and finding no God in this universe. And this is what we 
have got, all things from frog svawn; the gosnvel of dirt the order of 
the day." Carlyle didn't know much about frog snawn and the wonders 
of development. Anparently he didn't realize that the greatest human 
geniuses have develoned from germ cells. Evolution is no more athe- 
istic than individual development, and certainly neither of these has 
destroyed human freedom, responsibility, nor ethics. 


‘Darwinism, which is the doctrine of natural selection,: or the 
survival of the fit, has been sunposed by many neople to be adverse to 
ethics. Bernard Shaw said that if Darwinism were true, only fools and 
knaves could bear to live. The survival of the fit and the elimination 
of the unfit meant to him, as it meant to Nietzche, Bernhardi, and 
militarists in general, the survival of the strong, the ruthless, the 
nations that are feared rather than loved; and conversely, the elimi- 
nation of the meek, sympathetic and neace loving. But this isa total 
misconception of Darwinism. Darwin was too wise a man to lend his 
support to any such extension of his principle to the social and moral 
fields. He knew, of course, that there are many kinds of fitness in 
human beings. There is not only the fitness of physical strength to 
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be considered but also the fitness of mind and of moral and social 
conditions, and Darwin said it is altogether wrong to attempt ‘to 
force upon moral and social condtitions the same principles that 
apply to physical conditions. Physically, the fittest are those that 
are most capable of living and:leaving offspring. Sometimes they are 
strong and ferocious and sometimes they are mere parasites. Mentally, 
the fittest are the most rational; socially, the fittest are the most 
ethical. To measure social relations or ethics by mere brute force 
and strength is to miss. the whole fact that man has had a three-fold 
evolution, There has been an evolution of his body, an evolution of 
his mind, and an evolution of society and his social relations; and 
while these nrincipnles are always balanced one against another and 
sometimes are apvarently in conflict, nevertheless they do generally 
cooperate and bring about important advances along the whole line. 

We can't possibly subscribe to any doctrine that would merely bring 
about physical development of a human being and at the same time sub- 
ordinate his intellectual or his social development. 


In conclusion, evolution does not destroy the dignity of 

man. His real dignity does not denend upon the method of his origin; 
it does not denend upon the fact that he was once a germ cell and then 
an embryo and then an infant. It depends upon what he is capable of 
becoming, the possibilities of his development. There is where the © 
real dignity of man is found. This is what makes him more dignified 
than the dog or the horse or the plant; he is capable of going farther 
in his development than these other living creatures. 


Likewise,the importance of ethics is not to be measured by its 
humble beginnings nor by its vresent defects but by its possible de- 
velopments and its influence upon human welfare. In all men, funda- 
mental ideals of right conduct are much the same, but in practice 
these ideals are too narrowly limited. For example, the ideals of 
right conduct toward individuals who are closest to you, e. g. toward your 
children, are very much the same with all peoples of all races. Among 
some savage tribes there is no ethics or altruism that extends out- 
side of ‘the tribe:. every tribe for itself and the devil take ‘the 
others. Their altruism does not go further than that. As you go up 
through higher and higher social grades you find that altruism reaches 
farther and takes in more people, until with some people, altruism 
includes.the whole human race. We feel sympathy for the people who 
are suffering in Snain and in China. We feel resentment toward those 
who are making them suffer, because they are dealing with ethics in a 
small and local way instead of the larger and more general way toward 
which evolution is leading. 


Science then affords a sound intellectual basis for ethics. 
The ethics of science does not differ from that of the most enlight- 
ened religions. Whether written on tables of stone or in human nature 
itself the cardinal virtues are still virtues and the deadly sins are 
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still sins, The ethics of science regards the search for truth as 

one of the highest duties of man; it regards noble human character 

as the finest product of evolution; it considers the service of all 
mankind as the universal good; it teaches that both human nature and 
humane nurture may be improved, that reason may replace unreason, co- 
oneration supylement competition, and that the nrogress of the human 
race through future ages will be promoted by intelligenee and good will. 


V 


All that I have been saying is of the general sort that might 
be called theoretical ethics. When we come to vractical ethics we 
enter a veritable jungle of thoughts, opinions, and beliefs, not found- 
ed upon real scientific and verifiable evidence but upon our inclin- 
ations to think this, that, and the other. Following the example of 
the present alphabetical nractice in which initial letters are used 
instead of entire names, Henshaw Ward has called such thoughts, onin- 
tonsa, and beliefs, “THORS”. 


Practical ethics aprlies to every social relation from the 
sexual relations of men and women and the relations of purents end 
children to those between employers and amnloyees, between. capital 
and labor, between producers and consumers, between individuals and 
society, between classes and races and nations. In spite of extreme 
differences in ideals of good: conduct in all of these relations, there 
is everywhere a desire to vromote better conditions for one or the 
other of these narties, and the desire for the better social relations in 
general is widesnread among all pneonle. We must give credit to the 
Nazis, the Fascists, and the Bolshevists for desiring to bring about 
better conditions, even though we may feel, as I do, that they are 
profoundly mistaken in the ways in which they are going about it. 


The faults and failures of »resent social relations are almost 
universally recognized. Revolutionists desire 


"To shatter this.sorry scheme of things to bits 
And mould it nearer to the heart's desire." 


But generally the way of evolution rether than that of revolution is 
the way of progress. Conflicts between democracy and autocracy, bc- 
tween anarchism and absolutism, between Communism and Fascism are 
conflicts of ideals in attaining the good society and as such are 
ethical in aim, however mistaken they may be in practice. It may 
seem incredible that hate, intolerance, murder, war should be em- 
ployed to »vromote ethics, but the contestants always proclaim, and 
probably sincerely, their high ethical ideals. They always claim 

to have truth, right, justice, even God, on their side, although they 
may employ the most inhuman methods in attaining their aims. 
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Practical ethics is thus 4 jungle of conflicting emotions, 
ideals, practices, usually founded upon "THOBS" rather than upon sci- 
entific evidence. In an attempt to break paths through this jungle, 
innumerable ethical codes have been set up which are almost as varied 
as human relations themselves. To promote justice and harmony among 
all these conflicting groups, governments are established among men 
and general codes are laid down in the form of laws. Our laws are 
codes of ethics. They are administered by courts of justice, which 
also deal with codes of ethics--all in the interest of better social 
relations. But outside these major and minor paths through the 
jungle there are multitudes of social relations which are not touched 
by codes or laws. Probably no cause of social discord is equal to that 
of differing standards of ethics. Violations of our personal ideals of 
honor and right conduct create resentment and anger. Ethics or its vio- 
lations fill our newspapers, occupy our legislatures and courts, con- 
cern our churches, distract our homes. It was Matthew Arnold, I think, 
who said “Conduct is two-thirds of life." It is even more than that, 
it is almost all of social life. 


Probably the most important ethical and religious code in his- 
tory is the Decalogue of Moses, which was summarized by Jesus in the 
two great commandments, “Thou shalt love the Lord thy God with all thy 
heart, soul, and mind, and thy neighbor as thyself." If for the person 
of Deity there be substituted the qualities of Deity, namely, truth, 
justice, mercy, love, these are the commands of science as well as of 
religion. Likewise, the Golden Rule is the simplest and .at the same 
time the most universally practicable rule of ethics ever proposed: 
“Whatsoever ye would that men should do to you, do ye even so to them." 
Science and religion are limited to no class or race or nation. The 
ethics of science as well as that of pure religion is world-wide in its 
extent and altruistic in aim. 


The ethics of great scientists is essentially similar to that 
of great religious leaders. The profession of the scientist, like that 
of the educator or religious teacher, is essentially altruistic and 
should never be prostituted to unethical purposes. Unfortunately, 
these high ideals are no more fully realized in science than they are 
in religion. Scientists as well as religionists have all the frailties 
of human nature and both fall short of their highest ideals. It has al- 
ways been true and will continue to be true that ideals are better than 
performance. Mark Twain said on one occasion, "To be good is noble, 
but to tell others to be good is noble and no trouble." 


The age-long problem with which religion and ethics have’ strug- 
gled is this, how can men be induced to-live up to the best they know? 
How can they be brought to substitute the spirit of service for selfish- 
ness, of love for hate, of reason for unreason? The long efforts of 
past centuries show that there is no rapid solution of this great prob- 
lem, but in the cooperation of science, education, and religion, there 
is hope for the future. 
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Syllabus 


The relation of agriculture-’and the industries to the rest of the 
public is a problem in ethics. Danger lurks in the pressure of 
organized minorities, and some modification of our form of democracy 
may be required to cope with them. Pp. 60-61. 


Our social system is in bad order. Problems of distribution cheat 
the world of. a good share of what science has contributed, or 
Could. contr ouivus., PF. be. ' 


Protoplasmic memory, np. 62-64. Instincts are inherited proto- 
plasmic memory. The princivle of natural selection. Pp. 65-66. 


Adjustments of the individual to his environment. The elimination 
of useless responses, and the persistence of useful ones. Unusual 
tolerances for noisons and high temveratures can be developed. But 
can these adaptations be passed on? The answer is probably, no. 
Pp. 65-66; see also ». 63. 


Adjustments of the race to its environment. Explanation by heredity 
and mutations (Morgan). The enormous complexities that must be ex- 
vlained; the development of the eye, for example. Pp. 66-67. 


All of nature behaves as if directed to some purnose; the fundamen- 
tal aim seems to be survival. P. 57. 


The universe is orderly, but the more we learn of nature the bigger 
the mystery of the beginning of things. Pp. 69-70. 


Democracy is the highest possible development of individuals. In 

a democracy, people are measured by their own worth to society. The 
fundamental principles are liberty, equality, and fraternity; each 
of these is a biological necessity for the fullest development, but 
each has a biological limitation. Pp. 70-72. 


The scientific method will help to solve problems in practical eth- 
Lion Bs, Fes 


Science leads us to the two great commandments of the Christian 
churehs.ps: 73. 


Both the intellect and emotions are a part of our lives. Science has 
dealt too much with the intellect, and not enough with the emotions. 
The faults of religion in this age are the reverse. Pn. 68; 74-6. 
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DR. BLAISDELL: Dr.Conklin, we try to have a free and frank 
discussion of various questions that have been raised on account of 
your lecture. The object is to develop those points of view so far 
as. it is possible in a group‘of this kind. 


DR. A. G. McCALL: Dr. Conklin, I followed your splendid presenta- 
tion with a great deal of interest yesterday afternoon. JI am curious 
to know how you apnvly ethics to agriculture. Since this is dominant- 
ly an agricultural group, this question would doubtless be of interest. 


DR. CONKLIN: The functions of government are essentially 
ethical. As I indicated, I think laws have for their purpose the im- 
provement of the relations between individuals in society. Justice is 
an ethical problem, and similarly with regard to the multitudinous in- 
dustries and activities of the people that the government undertakes 
to regulate. The larger the number of these relations that have to be 
looked after, the more complex the government becomes and the more 
difficult it is to bring about really ethical relations among very 
great numbers of persons. Much that is going on here in Washington 
and in the various States is an attempt to establish ethics--proper 
behavior among individuals, i.e., behavior that will permit the great- 
est happiness and liberty to all. 


Now, so far as agriculture itself is concerned, the relation of 
the farmer to the rest of the public is an ethical problem, just like the 
relations of the various industries, manufacturing, and communications 

of one sort or another to the rest of the public. They all come under 
that general heading, and all of course are supposed to and ought to 
deal with the welfare of the entire community. It would be unethical 
for any one group to get an unfair advantage over the others. It 
would make the majority, the larger group, suffer for the benefit of 
the smaller group. One of the biggest problems in all government is 
these nressure. groups that our legislatures suffer under, where an 
organized minority can bring about legislation that will adversely af- 
fect a majority. 

I am a thorough believer in democracy and I believe in major- 
ity rule, because democracy is founded unon that principle, and I be- 
lieve, therefore, in the greater good of the greater number. Now, of 
course, the farming element is a very large element in our society and 
has held the short end of the lever; it hasn't had its share of prof- 
its. I think that can be truly said when you consider what has been 
done for industry and manufacturing by means of protective tariffs 
through so many years, during which the farmer was getting very little 


Se ee Seminar III 


help. . I can well see why there should be the feeling that it is now 
the farmer's turn to get assistance. On the other hand, I do confess 
to a certain amount of alarm in seeing so many farmers, as well as so 
many others in the nation, depending upon the government for-assist- 
ance, instead of meeting their needs as well as they can be met, with- 
out assistance, just simply lying down on the government. That, of 
course, is a thing we can understand. As long as the getting is good, 
get your share. That is a common exnression and a common feeling. 

But it certainly is a thing that is not making for the welfare of 
society, and where we are heading I don't know. I am a good deal dis- 
turbed by the conditions that are generally prevailing, namely, of re- 
lying uvon the government. for everything. -Of course, the end of that 
must be communism or an extreme form of- socialism. 


I was talking with a very eminent lawyer only a few days ago, 
and he said he wondered whether democracy wasn't beginning to fail, 
whether in a very large and extraordinarily complex society, we can 
give to the individual the liberty that hitherto he has had. Of course, 
we all know the tendency of limiting the individual. It has been going 
on ever since society started. My-grandfather's nearest neighbor was 
twelve miles away, and: he could do about what he pleased. He ran his 
own still, made his own whiskey, and he shot game all over his place. 
Apparently he didn't interfere with othér people and they didn't inter- 
fere with him. But when people get crowded, then mutual rights must 
be considered. ; 


Industry and communication have had effective leadership: agri- 
culture in general has lacked it. Farmers are proverbially individual- 
ists, they are constitutionally democrats -- I mean democrat with a 
small initial letter. And so their plight has been more serious than 
that of the manufacturers or any other group, and the result has been 
that enormous fortunes have been built up in certain manufacturing in- 
dustries while the farmer has suffered and feels like the toad under 
the harrowe It is his turn now. to get some of the good things of the 
world. I sympathize with him; I have been a farmer myself in a small 
way, and I know something about the hard work of farming; and yet with 
all of that, I fear for the future of individual initiative and 
resvonsibility. Of course, it may be that some modified form of the 
democracy that we have so cherished is a necessity, and that we are 
inevitably going in that direction. 


When it comes to the details of agricultural practice, you 
people here in this Department are doing the nroper thing. You are 
helping farmers to have better crops and better flocks. You are show- 
ing how to make two blades of grass grow where one grew before. You 
and the colleges and universities of the country are showing by ex- 
‘perimental breeding the very valuable results that can be gotten by 
following the principles of Mendelian inheritance. You are heading in 
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the direction of a life of greater abundance. There is no doubt that 
science has made life easier and more comfortable for the masses of man- 
kind. And yet there is suffering in the midst of superabundance. The 
eifts of science are not impartially distributed. The more abundant 
life made possible by science is in conflict with the profit system, 

and that social system is breaking down. Anyone who can't see the signs 
of the times is purblind. We are surely going to see very great changes 
in our social system in the next fifty or one hundred years, perhaps 

in less time. Our present difficulties are with the inequitable dis- 
tribution of the goods of the world. We need all of the goods that 
science can produce but we need to have them distributed in a more 
ethical manner. 


DR. WINTERS: Dr. Conklin, in your discussion you mentioned the 
dogma of new characteristics, new genes nroducing new chromosomes, and 
new chromosomes new individuals.* Further on in the discussion of 
ethics, you mentioned protoplasmic memory.** Do you distinguish between 
those two forces in evolutionary development? 


DR. CONKLIN: Protoplasmic memory is one of the fundamental 
characteristics of all protoniasm. That is, protoplasm that has once 
-responded to a certain stimulus has been changed, or modified for a 
longer or shorter time. For example, there is a plant which some of 
you are familiar with, known as Dionaea muscipula, or the Venus's fly- 
trap. It has a leaf where the midrib is a sort of hinge, and it can 
close and catch an insect. There are in each half of the leaf three 
sensory hairs. If you stroke those hairs once with a pencil or a camel 
hair brush, you get no response. But if within the space of about 
three minutes you stroke them a second time, the trap closes. Now 
what happened? You would say after the first stroke that nothing had 
occurred. But the second stroke shows that actually there was some 
change; something had happened in the protoplasm at the first stroke 
that made a second stroke effective in causing the closing. Sometimes 
we speak of this as a summation of stimuli. That is, the first stimu- . 
lus needs to be sunnlemented before you can get the response; but what- 
ever a summation of stimuli is, it means that some effect of the first 
stimulus has been left in the protoplasm. Protoplasmic memory in its 
simplest condition is the retention of some effect of a previous 
stimulus. 


Similar phenomena are found everywhere in the animal kingdom. 
I made exveriments many years ago on the length of time that newly 
hatched chickens would remember a previous experience. I took grains 
of corn meal of natural color, and others that had been stained red 
with a dye and to which had been added quinine, making them bitter; 
these were nut out for the little chicks. They would pick up the 
grains of naturally colored corn and swallow them, and evidently enjoy 
them, and then pick un the red grains and snit them out. The question 
was, how long would they remember the difference between the two? Well, 


*Ton of page 52. **Page 53, end of Section II. 
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at first it was only for 4 few minutes. Gradually, they. remembered 
the exnerience longer, so that ultimately they would avoid altogether 
the red grains and pick up only the others.  Protonlasmic memory in 

_ this case became associative memory; they associated the red color 

- with the bitter taste, 3 | 


In our own case, associative memory has gone much further than 
this, but it grows out of protoplasmic memory. -For example, our bodily 
activities are very many of them nrotoplasmic memories. We walk with- 
out the slightest thought of what muscles are to be contracted in 
definite sequence. Think of the complexity of talking; it is perfectly 
enormous when you really think of the number of muscles that have to be 
brought into coordinated action, and yet it goes right forward without 
any thought on our part. (Laughter) People can talk without thinking, 
and this is due to protoplasmic memory. Our habits are largely based 
on protoplasmic memory. 


DR. WINTERS: Does that go beyond the experience of the indi- 
vidual, or is it confined to the life of the individual? 


DR. CONKLIN: I think it is confined to the life of the indi- 
vidual. All the children that I have ever known had to learn to talk. 
They had to learn to speak even their mother tongue. If they had been 
brought up by Chinese nurses and had never heard the English language, 
they would have spoken Chinese just like a Chinese child. 


DR. TUCKERMAN: Did they have to learn to nurse? 


DR. CONKLIN: ~ That is what might be called an inherited reflex; 
and a series of reflexes, one following another, is what is commonly 
-known as an instinct. There are nsychologists who say there aren't 
any instincts, but when you see animals doing things that they never 
saw done before and doing them nerfectly, as they do, there can't be 
any doubt but that such actions are inherited, but a great many of our 
so-called instincts are really reflexes. For example, the puvillary 
reflex of the eye is a direct response to light. When the-light is 
strong the nunil closes. This is undoubtedly an inherited reflex. On 
the other hand, the directing of both eyes to the same point is not 
perfectly inherited, because a new-born baby will sometimes direct one 
eye in one direction and the other in another. Within a few days it 
learns to concentrate both eyes on one point, but binocular vision is 
a thing that is acquired, though there are indications that it is be- 
ing gradually transformed into an inherited act. I think that some 
acauirements do get into heredity but nothing like as often as most 
people who believe in extreme Lamarckism would maintain. 
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The most famous exneriments in recent years on the inheritance 
of learning were those that were made by the late Dr. William Mac Dougall 
at Duke University and -rreviously at Harvard. He was Professor of 
Psychology at both places and he trained white rats through some forty- 
four generations. You ere all familiar with the experiment, perhaps, 
or shall I tell you the story? I don't want to waste your time going 
over things that you are thoroughly familiar with. He trained white 
rats to find their way out of a tank of water. There were two ramps 
that they could go up, one of which was illumined by an electric 
light, and the other was dark. If they went up the illumined one, at 
the top they struck 4 copper plate that was heavily charged with elec- 
tricity,and they got a shock and were often thrown back into the water. 
He found that untrained rats made about one hundred and forty mistakes 

before they learned to always avoid the lighted ramp. After that, 
when they saw the lighted nathway they always took the other one 

and thus avoided the shock. After some forty generations, he found 
that the descendants of the trained rats made only about twenty-five 
mistakes instead of one hundred and forty, and this he attributed to 
the inherited effects of learning. 


Other neople who reneated these exneriments did not get these 
results, Now science, in order to be science,must be verifiable. 
McDowell at Cold Snring Harbor, Crew at Edinburgh, and several others, 
repeated that work but didn't get those results. Human beings have 
been repeating such experiments for innumerable generations and still 
we have to send our children to school and still they have to learn 
the things that we laboriously learned. They don't seem to learn any 
quicker than their parents did. And it does seem out of line with 
humen experience to maintain thet learning is inherited. 


DR. TUCKERMAN: I am curious concerning the distinctions you 
“would make by which these instincts are not inherited protoplasmic 
menory, 


DR. CONKLIN: I should say that they are. I think that instincts 
are probably inherited protoplasmic memory. 


; DR. TUCKERMAN: I thought you had made a distinction between in- 
-Stinct and inherited protoplasmic memory. 
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DR. CONKLIN: No, I think both may be inherited; I do be- 
lieve that in some way the experiences of individuals must in time be 
reflected in the inheritance. For example, the things that are brought 
about by training are similar to those that are brought about by inherit- 
ance.. The two things are so similar that one very often has great diffi- 
culty in deciding whether a character is inherited or not. If we could 
find a method by which the adaptions of the individual could become 
adaptations of the race, we should be very greatly aided in the stud 
of the causes of evolution. ’ 


Take the adavtations of an individual to experiences that it 
has never had before. There are multitudes of these. For example, 
just take the case of immunity to certain bacterial poisons or to 
certain diseases. Here is something that in certain cases is indi- 
vidually acquired, as with diphtheria or smallpox or measles. If we 
have had vaccination for smallpox we have acquired an immunity that 
lasts for a certain length of time. If we have had smallpox usually 
the immunity lasts for life. The same is usually true with measles. 
There are cases of inherited immunity in animals and in human beings. 
There are human beings who are naturally immune to certain diseases 
that others are very liable to. This natural immunity resembles very 
greatly the acquired immunity and the question is whether they may not 
in some way be related, whether, for example, the natural immunity my 
not be ultimately one that has through long generations been acquired. 
I think it could be explained, as all adaptations whatever were ex- 
plained by Darwin, who said that all fitness is the result of the 
elimination of the unfit. As you know, that is the principle of 
natural selection. The elimination of the unfit will ultimately leave 
only the fit, and consequently you have an adaptation brought about by 
elimination of the unfit. 


Now, there is no doubt that a great deal of that is going on 
in nature all the time. Can we extend that principle of the elimina- 
tion of the unfit to the acquiring of an immunity or tolerance, the 
tolerance for poisons, for example? I know of a case where experi- 
ments were made in treating protozoa, naked protoplasm, with one of 
the most violent of all poisons, corrosive sublimate. If you begin’ 
with a minimal dose and gradually increase it, you can have these 
protozoa living in water that contains a concentration of corrosive 
sublimate that would instantly kill an animal that was put into it 
without this acclimatization. The same sort of thing is possible with 
high temperatures; animals can be acclimatized to high temperatures 
that they couldn't endure at all if they were plunged at once into 
them. 
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Take the case of the paramecium that I spoke of yesterday”, avoid- 
ing extremes of heat and cold; what was happening during all that process? 
It was eliminating unsatisfactory responses, that is, it was continually 
eliminating responses that took it into hot or cold water, and so it stay- 
ed in water of moderate temperature. 


We adapt ourselves to the conditions that we are placed in by 
eliminating the useless resnonses and persisting in the useful ones. 
Every child does that. Every baby learning to move, learning that it can't 
reach the moon or can't reach certain things, learning distances, is elimin- 
ating useless responses and persisting in useful ones. .Now here is the 
princivle of Darwinism, or the elimination of the unfit, extended to indivi- 
dual responses. If we could in some way get the results of such experiences 
into the germ plasm and have them reappear in the race so that each indivi- 
dual does not have to go through all these experiences, we should have a 
clue to the method by which the evolution of the race is taking place. But 
I am hardly ready to believe that this can be done, because all the exneri- 
ments that have been carried on in animal and plant breeding seem to indi- 
cate that acquired traits are not inherited,** and therefore the doctrine 
of Lamarckism, or the inheritance of individually acquired traits, is no 
longer a popular one among biologists, 


“DR. YOUNGBLOOD: Where do we get all this complexity that we call 
ourselves? 


DR. CONKLIN: Well, that is a very important question and one that 
I think no one yet can answer successfully. If you ask the student of 
heredity like T. H. Morgan, for example, whose studies on the fruit fly, 
or Drosophila, are well known, he would say that sll kinds of mutations 
are taking place; most of them are useless or injurious; animals avpear 
with short wings or no wings, small eyes or no eyes. These injurious 
mutations are eliminated. very quickly. Such flies don't leave enough off- 
spring or they cannot compete with normal flies. Consequently, they are 
quickly eliminated, but occasionally, only very rarely, a mutation occurs 
which is really beneficial, and that fly has an advantage compared with the 
normal stock from which it came. His conclusion, therefore, is that evolu- 
tion has progressed by this slow method of nicking out occasional rather 
rare mutations that are advantageous, and so building up bit by bit. the 
enormous complexity that we find in our bodies and in the bodies of all 
organisms. 


This seems to me incredible, but there are so many incredible things 
in the world that I don't hold that to be an argument against such a tenet. 
There are so many incredible things that it might still be true even though 
it is incredible, and we must remember that time is long; evolution has been 
going on for an enormous period of time and many things could have havpened 
in 6 billion years. But still ‘I have difficulty in believing. I talked 
some about that yesterday.* 


* Pape 52. ** The apparent exception in the case of MacDougall's exper- 
iments (p. 64) is possibly explained by his method of selecting the rats of 
of each generation for continuing the experiment. Ed. 


~ Seetion Il of the lecture, pp. 51 2% 
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For instance, consider thg evolution of the eye. Darwin said 
he never thought of attempting to explein the origin of the eye 
without a. shudder, and I can sympathize with him. Think of the trans- 
parent tissues in the eye; transparent tissues aren't common, you 
know. Think of the cornea, the lens, the humors; think of the retina 
with all its complexities, the intricate musculature for adjusting 
to near and far objects; the muscles and nerves for moving the eye 
ball, and you are not through yet. Think of the parts surrounding 
-the eye, the lachrymal glands and ducts, the eyelids with their glands, 
the hairs on the edge of the eyelids, the.eyebrows, the bony orbit 
around the eye to protect it. My Lord. just think-of it! Wheis' go- 
ing to exvlain all this by the process of tne elimination of the un- 
fit? I think there is still left 4 great field for research with re- 
gard to the causes of evolution. There are many causes, no doubt, 
but I do believe that someone, and someone vossibly within this gener- 
ation, is going to bring forth some big pvrincinle that we have been 
neglecting, something that will be commarable in importance to the 
elimination of the unfit. 


Dk. YOUNGBLOOD: The carniverous animals have teeth fitted to 
their purposes, we have our hends for grasping things. 


DR. CONKLIN: Everything about us is made as: if it were fora 
purpose. There is purposefulness evervwhere in the living world. I 
didn't have time to talk about that yesterday. It probably makes 
no difference to a molecule of water whether it exists or not, but 
for one reason or another it makes a big difference to a molecule of 
protoplasm whether it continues to exist or not. Wilhelm Roux, who 
was the founder of Entwicklungsmechanik, said it took so long to 
actually bring protoplasm imto existence that if once it were wiped 
out there would be no possibiiity of its being reestablished except 
through that enormously long period of building up again from colloids, 
which we believe was the method in which protoplasm arose. Conse- 
quently, because it has taken such an enormous period to bring proto- 
plasm into existence, it is a very precious thing and must be preserved 
at all hazards. In the living world there appears to be an end in 
view, namely, the end of survival, which you don't find in the non- 
living world. The fundamental value, ethics if you please, of life,is 
survival. The worst possible thing that cen happen to any individual 
or race, from the biological point of view, is extinction, and there- 
fore everything is set to avoid extinction. 


MR. SETTE: You mentioned yesterday that since religion had 
supnlied force and sanction to ethics, and that today we find that 
religion no longer gives the sanction to ethics that it has in the 
past, it apnears that the only sanction that would hold is that of 
understanding. Unfortunately understanding brings a rather hard 
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discipline which I don't expect will ever reach down into all of us, 
because it is hard to think. Do you have any idea what science will 
do to replace the moral sanctions or religious sanctions back of 
ethics that will have the same force with all of us that the religious 
sanction used to have? 


DR. CONKLIN: Well, that is a hard’ question. The fact is that 
we must probably always count en there being a large element in human 
society that will be influenced more by emotion than by reason, and a 
great deal more by religious emotions than by scientific processes. 
The wonderful thing about the world religions, and particularly the 
religion which the Western world has followed for the past two thou- 
sand years, is its adaptability to all kinds of people. Children and 
people who remain childish throughout life read the parables as actual 
happenings. To more intellectual people these become parables, 
stories that illustrate deeper meanings. The same thing is true of 
the words that we use. For example, take the word "spirit." I have 
often thought if we could only have an understanding of what we mean 
by "spirit," we should agree a great deal better. It may mean 
spiritus frumenti, and it may mean almost anything. Its context will 
tell to many people what it means, but to the average person it is 
something that is more or less immaterial. If you talk about the 
spirit of a man, the child or the savage or the person who is not 
trained will think of a sort of foggy something or other that has the 
form of 4 man, a kind of gaseous vertebrate. That is the spirit or 
ghost, but that isn't what you and I think about spirit. We have a 
totally different idea about it and it is one of the remarkable 
things about religion that it does fit the child and the savage as 
well as the philosopher. I think this will be true in the future as 
it has been in the past. 


Science, however, is going to have more and more influence in 
bringing people to a rational point of view and in supplementing the 
idea of a reward in heaven and punishment in hell with more rational, 
and I think, more ethical sanctions. Milton wrote: 


"The mind is its own place and in itself 
Can make a heaven of hell, a hell of heaven." 


Now there you see you get to a scientific point of view and not mere- 
ly the idea of a place where you roast the poor devils over the fire. 

I once heard an old negro preacher in Mississippi describe to his 
audience the sinner who is "hair-hung and breeze-swung over the bottom- 
less pit of brimstone." JI tell you it made a terrific impression. 
Whether it made his hearers more ethical I cannot say; maybe it did. 
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DR. YOUNGBLOOD: Is it a quality of intellect or an inferiority 
by which we are able to create these non-existent things simply for 
our own satisfaction? 


DR» CONKLIN: No, I don't think if i6 an anterzor ty. a 
think that we have emerged to a certain higher level in which we see 
in hell and heaven gymbols of mental and spiritual states; and the 
same thing is true to 4 large extent with regard to ideas of a future 
life. I wish I could feel as confident about a material and personal 
future life after this as so many neonle do. But the scientific 
evidence does not seem to me to warrant this, and consequently I take 
refuge in a justifiable faith in a better world here, looking for- 
ward to the City of God on earth and not in the skies. I really be- 
lieve this is a more ethical idea than the selfish one that some peo- 
ple hold of having wings and a harp and of singing glory forevermore 
in the heavenly Jerusalem. That, you know, is about on the same 
level as the Mohammedan Paradise, where you are ministered to by the 
houris, and all have a grand and glorious time. The common idea of 
a future state is one of sensuous vleasure or nain, and there is no 
doubt that such beliefs are losing force as. effective sanctions for 
right living. 


DR. DEMING: I understood you to say yesterday that the more 
we know about nature the more mysterious it seems. Do you mean that 
it is impossible to say that nature is orderly? 


DR. CONKLIN: No, it. is orderly, but why is it orderly? “Hew 

did it get to be orderly? You see we get a bigger and bigger mystery 
back at the beginning. Why is it that things develop as they do? 
Development is merely bringing out what is potential in the germ. 
You can't bring out more than what is potentially there, and yet how 
did this potentiality get there? Many years ago, John Tyndall, a 
great physicist and a great mountain climber as well as a prose poet, 
made one of the earliest ascents of the Matterhorn. And as he sat up 
there on that crag, he wondered if there was in the rock on which he 
was sitting the elements of the thought and the feeling of sadness 
that he then had. He concluded that it must bevso, that the promise 
and potency of all life must have been in the fire mist from which 
the solar system and the earth and all that inhabit the earth have 
come. The possibilities of all that has come out of evolution must 
have been there at the beginning, not actually as realities but as 
potentialities or possibilities. How did these possibilities get in 
at the beginning? 


DR. DEMING: But is there any use to speculate on something 
that you can't prove? 
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DR. CONKLIN: No, but you asked about mysteries, and I said 
the more we know of nature, the greater are its mysteries. The aver- 
age mind thinks of every happening as an individual thing, and as such 
it is explained, and usually rather easily. But when you try to ex- 
plain the whole system and order of nature, then it does get more mys- 
terious. That is what I had in mind. 


DR. SCHWARZ: Dr. Conklin, yesterday afternoon you exnlained, 
as I got it, that human conduct and human behavior had their roots in 
the fundamental properties of protoplasm. Can we, on the basis of 
some similar agrument, justify democracy on a biological basis? Does 
democracy have its roots in animals, and aggregations in animal asso- 
ciations? 


DR. CONKLIN: I think it does. I gave a lecture last spring 
in Philadelpvhia on the biological basis of democracy, and it was pub- 
lished in a series called the Barnwell Addresses.* In that address I 
first of all undertook to define democracy. That word is like the 
word "spirit," it has a good many different meanings, and I took as 
my starting point the charter of our democracy, which is the Declara- 
tion of Independence. We hold these truths to be self-evident, that 
all men are created equal in that--" JI em adding the word “in” but 
that is, I think, precisely what Jefferson meant, 2s you can see by 
the context,"...thet all men are created equal in that they are endowed 
by their Creetor with certain inalienable rights." They are equal in 
these inalienable rights to which they are born, and “among these 
rights are life, liberty, and the nursuit of happiness." 


Every person is born with the right to live. He may sacrifice 
that right and society may tcke it from him because he has violated 
certain codes. He has the right of liberty, he is born with that 
right but he may lose it by misbehavior, and likewise with the pursuit 
of happiness. Or, you can take the motto of France, “Liberty, Equal- 
ity, Fraternity" as the fundamental principles of democracy. If you 
consider these rights from the biological point of view, you will find 
that each of them is limited. There is nowhere unlimited liberty in 
a society nor absolute equality and fraternity, although they are 
relative and they are also fundamental. 


Now, so far as liberty itself is concerned, it is absolutely 
essential to the dignity of the individual. You can't get the best out 
of the individual if he is merely a cog in a machine. Biologically 
it can be nroved that liberty within certain limits is essential to 
the best and highest development of the individual. That I take to be 
one of the aims of democracy, namely the Bighest oF aie deve lopment 
of individuals. 


*Edwin G. Conklin, "The biological basis of democracy." The Barnwell 
Bulletin (Central High School of Philadelphia) vol. 15. No. 62, June 1938. 
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A great deal has been said with regard to how democratic 
equality is contradicted by modern doctrines of biology. Of course, 
we know that men are not equal in their capacity, in their intelli- 
gence, nor even in their opnortunities. There is nothing more evi- 
dent than that every individual is different from every other one; no 
two human individuals are alike excent possibly identical twins, and 
even they show certain differences. We are all different and we are 
all unequal in that respect; but we are created equal in this other 
respect, in our right to life, liberty, and the pursuit of happiness. 
And any society that denies these things to its members is limiting 
them unduly and indeed is bringing about its own ultimate destruction. 


Human fraternity is a fundamental doctrine of biology. All 
men belong to the same species, Homo sapiens; all are blood relatives, 
and all are cousins if not brothers. We whose ancestors came from 
western Europe are not more distantly related than about thirty- 
second cousins, but although we have common ancestors we may not have 
the same chromosomes, for in every child one-half of the parental 
chromosomes are thrown away. We may, for example, be descended from 
Charlemagne as someone has shown that some of our financiers are. 
Well most of us, I suppose, are descended from Charlemagne. But not 
many of us have any of Charlemagne's chromosomes. They have been 
eliminated or have nassed to collateral lines. Many a man bears the 
name of some distinguished nerson and is very proud of it when he 
doesn't have a single one of the. great man's chromosomes nor 2 sin- 
gle one of his distinctive traits. 


Well, you see, democracy insists upon measuring people by 
their individual worth and not by the worth of a family or a name or 
a class that they may belong to. Every tub stands on its own bottom 
in a democracy and this is the only natural Of biological classifi- 
cation of men, as distinguished from the artificial’ classification 
based on social position rather than on individual merit. The demo- 
cratic classification of men is biological and it is one that gives 
hope and encouragement to the youth of a land. 


Finally, the right to the pursuit of hanpiness is one that 
especially affects the people of this age. Happiness is individual; 
what is happiness to one is not to another. The »veople who do the 
manual labor around this Department or on the farms, or anywhere else 
would not usually enjoy your work in laboratories or labraries. They 
wouldn't be happy at it and you wouldn't be happy at their work. 

They want the opportunity of being happy in their own way in their 
own jobs, again an individual thing. And the one thing in which we 
can all be most hanpy is in feeling that we are getting on, that we 
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are developing. This is one reason why we look back upon our youth 
as the happy period of life. Most people do so because they were 
then really making progress. If you can have the feeling that you 
are making progress, you are certainly going to be happy. And every- 
one should be able to have that feeling. People should be equal in 
their right to the pursuit of that happiness. 


DR. SEEGER: You were talking last night about the difficulty 
of solving the practical problems of ethics. Would it be possible 
for us to use the scientific method in order to find the answers to 
our: ethical problems? 


DR. CONKLIN: I think it would. Indeed I am such a believer 

in the scientific method that I think it is the only way to solve our 
nroblems. How else can we solve any vroblem except by finding and 
controlling causes? The universe is intelligible, which means that 

it is causal, and we continually see that the way to control »vhenomena 
is to control their causes. We don't know the cause of cancer and 
we don't know its cure, but there isn’t a man who has studied that 

subject who doesn't believe that the control of cancer lies in the 
control of its causes. Ethical problems are amenable to scientific 
methods no less than pathological ones. . 


MR. BEAN: Dr. Conklin, so much of ethics seems to spring 
from one's notions of the individual relation to God, the individual 
relation to a hereafter. You have said that science cannot prove 
these assumptions with respect to God and the hereafter on the ground 
that science has to deal with material things that must be verifiable, 
and here we are relating ethical notions to a field that is not 
material and therefore cannot be open to material approaches. As we 
view the world, its past and its probable future for the next thou- 
sand years, most of the ethical notions that we find here in the 
Western world or anywhere else, spring from, have sprung, and will 
continue to spring from these immaterial sources or our notions con- 
cerning the immaterial aspects of life; and if science must admit 
that it can't get into these fields of immateriality because it has 
no devices, no techniques, then how can science be of any help to 
the processes of ethics that spring from those sources? 


DR. CONKLIN: Why do you say that science cannot deal with 
these things? Can't science deal with the mind? Isn't there such a 
thing as a science of the mind? Science can deal with anything that 
is. I said yesterday,* quoting Professor Brooks of Johns Hopkins, 
although I didn't use his name, "Nature is everything that is, “and 


*Page 50. 
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science deals with nature. Science therefore deals with everything 
that is, the immaterial as well as the material. 


DR. CHAPLINE: Dr. Conklin, can I break in just a moment? If 
I understood your statement correctly last night, you raised some 
question about the supernatural, and indiceted that if we can get 
out from our mind the personality of deity and look at the qualities 
of deity, we shall get away from the supernatural. After the lecture 
I heard one chap say as he went down the hall that he thought he 
would ask you a question; would you explain the difference between 
supernatural and the natural, or is there a supernatural? 


DR. CONKLIN: I think there would be great gain for both 
science and religion if we were to recognize the snirituality of the 
natural, and the naturalness of the spiritual. Personally, I don't 
believe that there is a supernatural. I believe that everything is 
natural; and with regard to the qualities of God I think that man has 
put into his idea of God those qualities which he thinks are the most 
excellent. Every race and every man makes his God after his own 
image. Someone has said that God made man after his image, and now 
man returns the compliment by making God after his image. We nut 
into our ideas of God those qualities that we count the highest and 
the best, such as truth, beauty, justice, love. What about hate and 
strife? 


DR. CHA PUENH a Someto® tus ido that! too. 


DR. CONKLIN: Do we do that now? Of course, we know what the 
Old Testament has to say with regard to a vengeful God. Do modern 
people today hold such views? They don't preach them any more. 


DR. TUCHERMAN: Christ didn't. 


DR. CONKLIN: No, He said, "Ye have heard it hath been said, 
Thou shelt love thy neighbor and hate thine enemy. But I say unto 
you, Love your enemies ... that ye may be the children of your Father 
which is in heaven." You see He was giving a totally different in- 
terpretation of deity. With increasing knowledge and better ethical 
ideals our concepts of deity enlarge and imorove. If we were to em- 
phasize the qualities of deity rather than the personality of the 
deity, science would entirely agree with those two great commandments 
of Jesus, “Thou shalt love the Lord thy God (truth, justice, mercy, 
love, atest with all thy heart, with all thy strength end with all 
thy mind, and thy neighbor as thyself." That is the ethics of real 
science as well as of pure religion. 








Seminar III “974 « 


DR. TUCKERMAN: To come back on the point that seems to me 
has not been clearly distinguished, you say that we must live by 
reason and not by emotion. 


DR. CONKLIN: Well, if I said that I want to hedge. 


DR. TUCKERMAN: Our democracy is based upon the pursuit of 
happiness. Now the happiness of people depends on the things that 
they think are worth while. Can science ever prescribe those to a 
man? A man who had a vengeful God can work out a world in which he 
looks for hanpiness just as we can work out a world for a God that 
is not vengeful. | 


DR. CONKLIN: ‘That is all quite true. 


DR. TUCKERMAN: Where do we learn from science that the emo- 
tions we have, the things that we want, that we like to think of in 
God, are really more worth while than what somebody else thinks is 
worth while? 


DR. CONKLIN: I don't mean to imply that science is every- 
thing. Life is more than thinking. It is feeling, it is emotion, 
it is action; those things are all parts of life. The faults of 
science are that it has dealt too much with the intellect and too 
little with emotion. The faults of religion are the reverse of this) 
it has not ministered in this age to the intellect as it should, and 
consequently the churches have been losing the intellectual influ- 
ence they once had. The command was that "Thou shalt love the Lord 
thy God with thy mind," and that has been minimized in many churches; 
but on the other hand the faults of science are, in general, that it 
fails to minister to the emotions, and both of these ministries are 
necessary in life. 


Now emotions, as the very word means, are the things from 
which movement and action proceed. They are the forces that really 
drive us to do things. The driving emotion of the scientist, for 
example, is the desire to know; the desire, mind you, which is an 
emotion. We can't get rid of emotions. We wouldn't want to if we 
could, but we ought to recognize that some emotions are harmful and 
others helpful; some social and others antisocial; some ethical and 
others unethical. People differ in their emotional and ethical 
ideals. The things that we condemn in the totalitarian States are 
their wild emotionalism and their vrimitive and unenlightened ethics. 
I have faith to believe that time which tries all things, will pre- 
serve the fit and eliminate the unfit in ethics as well as in poli- 
tics. I think it was Matthew Arnold who said "There is a power not 
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ourselves that makes for righteousness." There is something in the 
universe, not ourselves, that makes for fitness and righteousness, 
for rightness, for that is what righteousness means. 


DR. DEMING: It seems to me that science does provide or 
attempt to provide an answer as to just what things are worth while, 
if I might return to Dr. Tuckerman's question.* If science is the 
study of everything that is, then it is the business of scientists 
to find out what things contribute and what things detract from "the 
more abundant life." It is my own feeling that science is greatly 
concerned with just this question, and that there is a great deal of 
energy being devoted to it, and with considerable success. Are not 
medical research men continuslliy drawing public attention to their 
nronouncements of scientific reasons why this or that habit of liv- 
ing is or is not harmful? How about Raymond Peari’s recent work on 
the longevity of smokers and non-smokers? And I have been assured 
that there is a solid scientific basis for every one of the ten com- 
mandments. 


Perhaps when science cannot hope to provide an answer to a 
question, the answer must be after all merely a matter of taste. 
Some people prefer black tea, others green tea, but such things 
don't really matter. 


DR. CONKLIN: I agree entirely; science is undoubtedly 
separating the true from the false, the beneficial from the harmful, 
the good from the bad. Therefore, it does establish vaiues. And it 
is reassuring to find that the ethics of science does not differ in 
essentials from the ethics of the most enlightened religions. 


DR. DEMING: Dr. Conklin, you said a littlewhile ago** that 
one fault of religion has been its failure to minister to the intel- 
lectual. We understand, of course, that no one can make statements 
in such topics with hundred percent validity; we all know, I dare 
say, people of lofty intellect who attend divine worship regularly, 
no sect being excepted. Yet what you say remains true, by and large, 
and it is unfortunate, because religion is the way of life, and its 
chief aim should be and usually is the accomplishment of the greatest 
happiness on earth for all neovnle. Would you be more specific and 
say just how you think the churches could draw the support of more 
"intellectual" people? And another question, don't you think that 
possibly some of the trouble is with the intellectuals? Are they 
able to comprehend the objectives of religion as much as we give them 
credit for? 


*Page 74, **Page 74 


Seminar III - 76 = 


DR. CONKLIN: What I had in mind was this: There was a time 
not so long ago when the churches were the intellectual leaders as 
well as the spiritual guides of the people. Most of our older col- 
leges and universities were founded by various denominations. for 
several reasons, chief among which I think is fear of and hostility 
to science and scientific methods, the churches have lost this 
leadership, which has ynassed to the universities. It was unfortu- 
nate that many churches onposed the findings of science with regard 
to the age of the earth, the origin of snecies, the evolution of 
man, etc., because of supposed theological difficulties. © 


When scientific theories are erroneous they must be corrected 
by more exact scientific study and not by theological denunciation. 
More and more religious leaders are coming to recognize the truth of 
this, and at the same time to realize that the true function of 
religion is to emphasize the spiritual values of human life, to cul- 
tivate faith, hone, and love, to inspire noble ideals; to be schools 
of generous ethics. These needs are as great as, or perhaps greater 
than ever before. They are needs which all serious minded men 
recognize. They are primal and eternal needs and in all ages they 
have been met, and must continue to be met, by pure religion. 


How could the churches draw the support of more “intellectual 
people"? I think there is no better way than to emphasize real 
Christianity rather than Churchianity, ethics rather than theology, 
religion rather than science. It is perhaps presumptwous in me to 
attempt to answer this question, but I think that scientists and 
"intellectuals" as well as the common people would crowd to hear 
Jesus today as they did nineteen centuries ago. He did not talk 
science nor creeds nor dogmas, but right living, supreme devotion, 
all-embracing love. Such religion appeals to scientists no less than 
to the masses; it satisfies the eternal “hunger and thirst of the heart." 
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Lecture IV 
PHILOSOPIY AND SCIENTIFIC METHODS 


by Morris R. Cohen 
Professor of Philosophy, The University of Chicago 
In the auditorium at 5 o'clock Wednesday 
29th March 1939 


a 


It may seem presumptuous for one who is not himself a scientist 
to lecture to you on the scientific method. But I propose only to raise 
questions for discussion rather than to instruct you. In doing sol 
shall proceed on the dictum of the famous American philosopher, Josh 
Billings, that "It is better not to know so much than to know so much 
thet ain't so." 


It sounds rather paradoxical to assert that with regard to the 
nature of the scientific method scientists themselves are not always 
possessed of clear and sound ideas. Yet on reflection this ought not 
to seem incredible. Men who have attained old age in good health are 
not necessarily competent to teil others how to achieve it. Nor is the 
successful business man always instructive when he comes back to college 
and very naively explains to the young hopefuls how he achieved his 
success, generally attributing it to some platitude that he learned from 
his Greek professor, or from somebody else who didn't know anything 
about his business. Now men working in a laboratory generally follow 
certain techniques that are established habits or routines in their 


field, so that the trained worker cannot readily depart from them, 


and he thus becomes almost incapable of making certain kinds of mis- 
takes. But when he begins to generalize about the scientific method 
as such, he is apt to, and generally does, repeat the conventional 
(and I venture to think erroneous) views of a lawyer named Bacon, or 
of a public administrator, such as J, S. Mill. 


The proof of the fact that men of great scientific achievement 
do not always clearly grasnv the essence of the scientific method out- 
side of their own field of research is shown by the character of their 
utterances on polities, religion, and all sorts of other issues.* To 
avoid invidious personal references, let me cite a round robin signed 
a few years ago by a number of leaders of American science, in co- 
operation with a number of liberal Protestant theologians and a number 


* The reader may call to mind Dr. Moulton's remarks along this same 
line; cf. p. 8 commencing at line 22, and ». 1& commencing at line 10. 
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of business men. It contained a declaration that according to the. 
teaching of science, "God reveals himself through countless ages in 

the development of the earth as an abode for men, and in the agelong 
inbreathing of life into its constitutent matter." Now, no one ques- 
tions the right of anyone engaged in some branch of science to express 
the theologic beliefs that he shares with the fellow-members of his re- 
ligious denomination. But to assert that these beliefs are founded by 
science is to ignore completely the nature of scientific evidence, the 
determination of which is the essence of the scientific method. If the 
statement in question were true, there could not be any atheists or 
agnostics among scientific geologists and biologists. Now one need not 
refer to the actual inquiry of Professor Leuba, which shows that atheists 
and agnostics are more frequent among men of science than among the rest 
of the population. Nor need one even mention such outstanding figures 

as Huxley and Jacques Loeb. It is sufficient to point to the general 
recognition by religious as well as non-religious thinkers, that the meth- 
eds of proof in empirical sciences like geology and biology are not 
suitable to establish any proposition about God's plans, or even whether 
life was or was not breathed into matter. 


Nothing, it seems, could be plainer than the distinction between 
the truths of science, which are verifiable by anyone who repeats the 
experiments or calculation, and the personal opinions of men of science 
about questions outside the field of their special competence. Why then 
is the distinction so often ignored, not only by the public and the press 
but also by distinguished men of science? I venture to suggest that in 
the public mind the scientist has taken the place formerly held by the 
priest, as one having access to absolute truth or omniscience. Very few 
can follow accurate reports of scientific work, and so most people ac- 
cept popularized and over-simplified accounts of it on faith. Nowadays 
men working in some particular branch of science are necessarily laymen 
in other fields, for no one today can cover all the various fields or 
even keep up with reliable reports as to what is being achieved in them. 


It might be supposed that the scientific habit, of drawing no con- 
clusion except on the basis of rigorous and accurate evidence, could be 
carried over from the domain of one's training into any other region. 

But actual instances show that this is not always the case in regard to 
social, volitical, and religious issues. The discreet silence that it 
would generally involve goes against the human grain. How can we be 
silent when everyone about us is confidently certain? 
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If we distinguish as we must between the verifiable truths of science 
and the fallible. opinions of the individual scfentist, we may define science 
as a self-corrective system. A system of theolog sy, for instance, can not 
admit that it may be mistaken in any part. Its truths once revealed must 
remain indubitable, If you doubt you get “out of the system and are lost’ 
in outer darkness.’ But science invites.doubt. Et can grow or make pro- 
gress, not only ‘because it is fragmentary, but also because no one propo- 


sitionin it is in itself absolutely certain, and so the process of cor- 
rection can operate when we find more adequate evidence. But note, how- 
ever, that the doubt and the correction ‘are always in accordance with 
the canons of the scientific method, so that the latter is the bond of 
continuity. wk 


One. might draw a parallel in this respect between science and 
constitutional government. A constitutional government is one in which 
every particular law or institution ean be corrected or abolished by 
constitutional means. This is not possible in an absolute monarchy, or 
in any form'of dictatorshin. In the latter you either accept the whole 
or else ‘have to’ overthrow it eli. Science may thus be viewed as the 
method by which any particuler pronosition, which we now believe to be 
true, may be corrected on the basis of new evidence. Consider, for in- 
stance, the great Syntexis of Ptolemy. Contrary to a popular impression 
today cuits those who do not read him, Ptolemy was a great scientist. 

He had the: real essence of the scientific method in him. His observations 
and those of others were carefully correlated. His reasoning was close- 
ly articulated, and his book is still a good example of a scientific 
treatise. But he proceeded on a hypothesis that has been replaced by 

a simpler one, since Copernicus reduced the number of epicycles. More- 
over, the, Copernican astronomy now fits in With a type of physics that 
enables us to discover a mechanism for the motion of the stars and to 
show that this mechanism is precisely the same as the mechanism of 
earthly motion. ~The new hypothesis thus enables us to enlarge and cor- 
rect our previous knowledge, but it does not prove that the old one is 
all wrong. Newton sometimes relied on Ptolemy. If every new discovery 
simply replaced all previous knowledge, we should have something like an 
oriental dynastic change where the new regime kills off all the remnants 
of the ol@ regime which it displaces. The progress of science is not a > 
complete replacing of the old by the new, but a process of continual { 
self-correction. 





If we approach the problem of the scientific method from this 
point of view, we can, I think, vrevent some misunderstandings that 


hinder’ clear anedtesis. 
‘ i 


Lecture IV 2 80. 


peu tne 


Some of the misunderstandings of the nature of science arise from 
the fact that today scientists are not generally trained in history, i. e, 
in the interpretation of ancient documents or records. The terminology of 
modern science has changed so rapidly that it is impossible today for a 
physicist or an astronomer, unless he is a careful historical scholar, to 
read the Latin writings of the Renaissance or Middle Ages and really get 
their modern equivalent. Even those physicists who have some knowledge of 
Latin find Newton's Principia difficult reading, because his terminology 
as well as his synthetic method is no longer familiar. On the other hand, 
professional historians generally do not know much about the history of 
science because they are not familiar with the subject matter. Thus you 
have the recent spectacle of a presumably great historian who says in ef- 
fect that there was practically no science before the seventeenth century; 
that before that time there was a lot of speculation but no observation 
of facts; that the idea that we ought to build up science from the observa- 
tion of facts never occurred to anybody before the time of Bacon, Galileo, 
and Descartes. All mankind was blind and lived in utter scientific dark- 
ness, according to this account, until these three men, about the same time, 
conceived the brilliant idea that instead of speculating they would observe 
the facts, and so they gave birth to science. Now that, I think, represents 
a prevalent myth about the history of science. And it is one of the many 
myths that the future will record as current in this age which thinks of 
itself as scientific, but is as full of its own supersition and mythology 
as any other age. 


It is not difficult to recognize the existence of science before the 
seventeenth century. All we have to do is to look at the works of men such 
as Euclid, Archimedes, Ptolemy, or Hippocrates. There is not in fact a sin- 
gle one of the sciences of which the foundations were not laid in Grecian 
times. Whether you take mathematics, astronomy, mechanics, hydrostatics, 
optics, physiology, zoology,or botany, or any other science, you will find 
that the elements were clearly expounded before the third century A. D. 


However, my theme is not the history of science; I understand that . 
Professor Sigerist will lecture to you on that subject and I am sure he 
will be most informative. But I do wish to call attention to a myth about 
the scientific method, namely, that it consists in banishing all hypotheses 
or anticipations of nature and begins with the observation of the facts 
themselves. Francis Bacon is the hero of this myth. Bacon was not only — 
a courtier but a lawyer trained in the professional Inns of Court. So he 
conceived the idea that nature could be studied in just the way that law 
was studied in his day, that is, by cases. According to this view, if you 
went out into the field and recorded the facts of nature, according to 
schedules outlined in the Novum Organum, you could build up all the 
sciences. (Bacon thought he could have done it himself if he were not so 
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busy with other things.) This notion, which is dignified by the name of 
induction, has become so fashionable that nothing is so familiar in the 
intellectual world as the boast that one's procedure is inductive and 
not deductive. 


Now that is a superstition for which, it seems to me, there is 
no justification except the initial disinclination to think. Reflection 
shows it to be absurd to suppose that the scientist begins with an empty 
mind, with a tabula rasa, on which he writes his.observation of the facts. 
It would be interesting if those who talk this way about induction and 
the experimental method actually tried it. In point of fact we do not 
know what to look for unless we have some idea to start with. Actually 
the people who have made discoveries in any of the sciences have not 
followed the Baconian prescription of avoiding anticipations of nature. 
On the contrary, they have always been men who were not only familiar 
with what was already known in their field, but gifted with many antici- 
patory ideas which they tried to test. It is when a man of genius hits 
upon a fruitful idea that great discoveries become possible. 


IV 


In this connection, it is well to be cautious about fashionable 
doctrines concerning the advantages of the open mind. It is true that 
too obstinate an attachment to an accepted theory may be a hinderance to 
progress,* but it ought also to be obvious that in science as elsewhere, 
no great achievements are possible without courage. And the persistence 
in a theory, though the facts seem at face value to be contrary, is one 
of the ways by which men like Copernicus and Einstein have secured great 
triumphs. To suppose that the sun does not move around the earth, or 
that relativity might be applied to gravitation and.accelerated motion, 
seemed at first to fly in the face of the facts. But the scientist must 
be skeptical as to what are the facts. All too frequently they turn out 
to be accepted prejudices, One might, therefore, define science as the 
method whereby we ascertain what are the facts. When we know that we 
don't need anything else. 


In support of the empirical myth in the conventional history of 
science are the assertions that Kepler discovered the laws of planetary 
motion by looking at Tycho Brahe's tables, and that Galileo discovered 
the laws of falling bodies by rolling bails down inclined planes. [| 
venture to assert that one who does not already have the geometry of 


* Ses section IX 
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conics in mind can not possibly see Kepler's laws in Tycho Brahe's 

or any other astronomical table. In fact, we know that Kepler tried 
other theories before he tested whether the recorded observations would 
fit into the theory of ellipses. Similarly, I have no hesitation in 
maintaining that no one who tries Galileo's experiment on falling bodies, 
under the conditions that he tried it (without any machinery or even 4 
highly accurate clock), will see his laws vigorously verified. We know 
that in fact he arrived at the idea of a simple proportionality between 
the elapsed time and the velocity acquired in it by a process of a priori 
reasoning (part of which was fallacious), and that he then made his ex- 
periments to test it and was satisfied with the rough results, because of 
his prior conviction that reality or the book of nature was conceived 

by the Creator in simple mathematical relations. 


Along with this it is interesting to note the persistence of the 
myth that Galileo disproved the Aristotelean theory that heavier bodies 
fall more rapidly, not by reasoning but by going to the leaning Tower of 
Pisa and dropping down two objects of unequal weight. Professor Lane 
Cooper has recently aroused the wrath of the scientific public by question- 
ing the historicity of the incident.* But so far as I know, no one has 
yet brought forth adequate evidence to eliminate the doubt thus raised by 
Professor Cooper. 


I must, however, pass over this and raise the more logical question: 
Suppose that Galileo had actually performed the experiment, what woulda it 
have proved? Povular philosophers who praise Galileo for resorting to obser- 
vation and experiment seldom think of repeating the experiment, and it 
never occurs to them to remark that feathers, snow flakes, rain drops, hail, 
and pebbles do not all come down with the same speed. The most obvious 
fact is that ‘the resistance of the air, as of any other medium, is not 
the same for all bodies. It is a commonplace of physical science that 
only in a vacuum would bodies of unequal weight come down with the same 
velocity, and that the retardation due to the friction of any medium, 
such as the air, does depend on the mass as well as on the shape of the 
falling bodies. Now, Aristotle (who did not believe in the existence of 
a vacuum) was doubtless wrong when he thought that in the air the veloci- 
ties of falling bodies would be simply proportional to the masses. The 
functional relation is more complex than that. But Aristotle's error in 
this respect was generally recognized in antiquity (for instance by his 
commentator Philopoemen); and Lucretius gave a true and simple state- 
ment of what does havpen.** 


A bet A ee ee 


* Lane Cooper, Aristotle, Galileo, and the Tower of Pisa, (Cornell 
University Press, 1985}. : 


** A convenient source of Lucretius' statement is the book by Lane 
Cooper cited above; see pp. 49 and 58. 
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It is sad to find the issue ineccurately represented in such 
a wonderfully good book as Hinstein and Infeld's Evolution of Physics. 
Myths all too frequently triumph aver science. 


Vv 


_. But let us come closer to our main theme--the nature of the 
scientific method. And here I am glad to avail myself of a very wise 
remark by Einstein: “If you want to know the essence of scientific 
method don't listen to what a scientist may tell you. Watch what he 
does." And I suppose we should qualify it, "Watch what he does when 
engaged in scientific work, not when he is taking a holiday or is on 
a picnic, or discoursing on something beyond’ his competence.” If we 
take the advice and really follow the actual workings of scientific re- 
search, we find that one of its first conditions is a willingness to 
hold all our information as tentative or provisional. That means a 
willingness, not to question all things at once, for that is impossible, 
but to question any one proposition by asking, "Ts it so?ts) Ofmcourde, 
to most people that is generally an impossibility, because so many 
things seem to us too obvious to be questioned. But it also seems 
Obvious that the earth is flat, and that the sun and stars revolve 
around us. Generally we do not hesitate to condemn anyone as mentally 
deficient, who does not see what we do. When no issue of great impor- 
tance to us is involved, we let the poor simp alone. But if he annoys 
us we may put him in a lunatic asylum, in prison, or we kill him. But 
the questioning of the obvious is an essential service in science. And 
this is true both in regard to principles and what appears as facts. 


All human disciplines, so far as they have aimed to be scientific, 
have not only used mathematics, but have till recently looked up to the 
Euclidean geometry as a model of a scientific system. We can trace that 
influence even in politics, e.g. in the Declaration of Independence, 
with its appeal to certain truths as self-evident. 


Euclidean geometry begins with certain axioms from which certain 
propositions are deduced or demonstrated. And what does strict demon- 
stration mean? It means that we can show it to be impossible to accept 
Kuclid's axioms and not accept his theorems. But for over twenty cen- 
turies it never occurred to people to question the. axiom that from a 
point outside of a straight line only one parallel can be drawn. In 
the nineteenth century, however, a Hungarian, Bolyai, and a Russian, 
Lobatchevsky, and subsequently ea German,Riemann, by questioning that 
very self-evident proposition, opened up new fields in geometry. After 
the parallel axiom, others began to be doubted, for instance, that the 
part cen never be equal to the whole. Startling as the last seems, it 
is yet true that the whole theory of transfinites is based.on it. Ina 
similar way the axioms of Newtonian mechanics are being questioned today, 
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and a new physics is being developed in which we no longer accept the 
Newtonian conception of time and space as absolute, nor the absolute 
constancy of mass, nor the constant ratio between force and the accel- 
eration of a body. Notice that Newton has not been thrown to the gar- 
bage heap as some popular accounts would have us believe: Newtonian 
physics is still sound, still true, but not sufficiently accurate for 
certain purposes. What we have achieved by our questioning is to cor- 
rect Newton's generalizations by showing that they are only special 
applications of wider laws under limited conditions. 


‘ee 


Now, if you follow me, you can see that the same skeptical 
attitude must be observed in regard to what seems obvious and self- 
evident facts. In scientific work we must always be prepared to 
raise the question with regard to any assumed fact--is it so? One 
of the distinctions between science and common sense is precisely 
the fact that in science we are not satisfied merely to observe 
things and believe all we see. We must doubt, examine, and verify. 

To do this we must invent all sorts of apparatus and means to avoid 
seeing what doesn't exist and find ways and means of seeing what to 

the ordinary man is not usually visible. That most people see things 
or events that do not exist or happen is shown every day in courts of 
law. Witnesses often swear in good faith that they saw certain things, 
and when they are cross-examined it is proved conclusively that they 
were situated at certain points where what they think they saw was not 
at all visible. We all tend to see what we expect to see and science 
must help us to overcome that tendency, But science also invents in- 
struments, like the telescope, microscope, and others, to enable us to 
see things that are not visible to the ordinary eye. In both of those 
ways, then, science enables us to answer more critically the question, 
is it so? The foregoing, however, is not sufficient. One of the main 
causes that make common sense so unreliable and render our political 
discussion and our so-called social science so full of interminable con- 
troversies, is the failure to formulate our questions in definite terms. 


Is man good or bad? Are you a pessimist or an optimist? Do 
you or do you not believe in the possession of private property; in the 
rights of man? All who answer these and similar questions in the affirm- 
ative or negative are agreed to despise those who refuse to answer be- 
fore determining what precisely these terms mean. 


If our procedure is to be scientific, our terms must be definite. 
And real definition of terms doesn't mean merely finding verbal equiva 
tenee. The clearest way of making our terms definite is by the process 
known as measurement. 


eet es 


What does measurement really accomplish? The answer is that it 
enables us to avoid such expressions as "this plant is big" (or small). 
Measurement gives us a number, which is definite; and the number enables 
us to correlate the length or weight of any particuler object with any 
other object of the same kind. In that way we avoid all the vagueness 
of common categories, and by substituting definite terms we make issues 
clear and definite. When we do that, we can generalize and correlate 
various relations, and so have a system, enabling us to see things not 
in their isolation, but in their functioning or interaction with other 
objects. 


ae 


If we bear in mind the necessity of both actual observation and 
the correlation of our observations or measurements into a system, we 
can avoid all the fruitless controversies between induction and deduction. 
For it isn't true that we can begin with pure facts any more than with 
pure theory, independent of facts. We always operate with both, and it 
is doubtful whether in adult intellectual life we ever find one of these 
factors alone, There is no scientific problem or research except where 
one asks how certain known facts are to be explained or their fuller 
nature discovered, e.g. what causes the heart to beat, or cancer to grow 
in certain tissues. And this means that we not only have our ideal of 
what would constitute a satisfactory explanstion or completion of our 
knowledge, but also some anticipation (true or false) of the direction 
of the inquiry or research that will lead us to the desired result. 


Doubtless, as was admitted before, obstinate clinging to old ideas 
hinders the discovery of new truth. But it is well to remember what the 
great naturalist Charles Darwin said on this point, that the mischief of 
false theories is slight compared with the mischief of false observations. 
For a false theory such as that of the phlogiston or the older views of 
nerve functions still enabled us to correlete a number of facts and thus 
reveal some corrections, whereas everything built on a false observation 
has. to be eliminated before progress carn be resumed. Moreover, it is 
neither nossible nor desirabie to clear cur minds of all anticipatory 
ideas or hypotheses. The facts of nature would not of themselves stream 
in properly ticketed and jJabeled into such emptied minds. The real cure 
for obstinate bias is to multiply the tunbor of possible hypotheses or 
points of view before us, just as the cure for fanaticism is to become 
famiiiar with othex furms of belief. Whis is aided by formal Logic which 
enables us to make cur assumptions explicit and then to fornmiate their 
contraries or aiternatives. This procedure is beautifully exemplified 
in Lobachevsky'’s Imaginary Geometry. 


ees 





It is only when we approach a problem with a number of alternative 
hypotheses in mind that the process of verification has any sense. 
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The term "verification" has, indeed, become a kind of fetish to 
be worshiped, but not critically examined. Very few have actually ana- 
lyzed its precise meaning. Now it seems to me that verification should 
be clearly distinguished from confirmation. Any hypothesis which ex- 
plains things is to that extent confirmed. But every superstition can 
be confirmed in that way. If, for instance, you believe that thunder 
is caused by Zeus shaking his rod, every instance of thunder can confirm 
it. If you believe that everything a man does is due to his subconscious 
or unconscious ego, then, everything that happens can be interpreted that 
way. But such confirmation is not verification for it does not exclude 
the possibility that some other theory may explain it just as well or 
even better. 


. Let me give you a concrete example of what I have in mind. A 
woman goes to a psychoanalyst and in talking freely she refers to a 
friend of hers by her maiden name. The psychoanalyst pounces on that 
and says, "You don't like her husband?" and she admits that she doesn’t. 


Freud uses this to prove that our dislikes prevent us from remem- 
bering certain things. Well, that is an explanation of the fact, if it 
is a fact. But some other explanation might be just as good or even 
better. For instance, on January lst, January 2d, and some days there- 
after, most of us keep on writing the old year. Is that due to the 
fact that we don't like the new year or have some sort of prejudice 
against it? The explanation in terms of habit seems better because 
it explains so many other things without more arbitrary assumptions. 
Scientific verification consists not in accepting hypothesis because 
it explains things, but in comparing two different hypotheses and see- 
ing which explanation is better. 


Now consider this question of memory. Why do we remember some 
things and not others? Formerly we used to talk about the faculty of 
memory, but that did not provide any basis for the distinction. Now 
the advantage of the hypothesis that memory is physiologically condi- 
tioned is that it enables us to deduce possible experiments as to what 
kind of physical things or sounds are more easily remembered than others, 
and the results of such experiments either confirm or refute our hypoth- 
esis. Confirmation, therefore, is not itself, a distinctive trait of 
science, because every belief can be confirmed if we wish to hold on 
to it. 


If you are a pious Mohammedan and believe that everything happens 
according to the will of Allah; then every event will confirm that faith. 
But by the same procedure non-Mohammedan faiths can also be confirmed. 
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Tre difference between verification and confirmation, then, consists in 
the fact that the former involves some differential or critical test. 


This is clearly illustrated by the experiments of Fresnel and 
Young on the diffraction of light. If the Newtonian corpusular theory 
were true, certain results should follow,contrary to what would be the 
case if Huygens' theory of waves were true, and vice versa. And so an 
experiment that confirms one but contradicts the other shows the first 
to be preferable. The attual results of the experiment were contrary 
to what followed on the corpuscular, but agreed with what was to be 
expected on the wave theory. This mede the wave theory the preferable 
one. The same is true in regard to the difference between the conti- 
nental theory of Ampere that electricity acts at a distance, and the 
English theory of Faraday that electricity acts through a medium. No 
preferences between the two theories could be scientifically established 
until we had a crucial experiment. This was the discovery of Hertzian 
waves--which can be reconciled with the Faraday theory, but not with 
the continental theory, It is only when of two theories, one explains 
the facts.that are in conflict with the other, that we have real veri- 
fication. What verification does, then, is not to prove a theory, but 
to show that of those availabie, one is the most probable. 


It. is well, however, to keep in mind that omexperiment or : 
observation may be inadequate. Thus for years the believers in the 
Ptolemaic astronomy urged that the Copernican hypothesis could not 
be true because if it were true, Venus, being an inner planet between 
the sun and the earth, should show certain phases like the moon. But 
since it didn't, the Copernican astronomy was held to be demonstrably 
false. This was in fact a sound ergument against the Copernican 

stronomy, but was shown to be baseless when people began to use the 
telescope and the phases of Venus became actually visible. 


It seems to me that if we take the foregoing view of verification, 
we can make some sense out of Mill's canons. Consider Mill's formula- 
tion of the method of agreement and the method of difference. The 
first asserts in effect that if you observe instances of any phenomenon 
all you have to do is to note what is a common circumstance and you have 
the cause. Now suppose you want to know the cause of cancer. Obvious- 
ly there are all sorts of common circumstances that are not the cause 
of cancer. It is only some differential circumstance, that is to*say, 
some circumstance that is present whenever cancer is present and absent 
whenever cancer is not present, that can be a cause; and so we are driv- 
en to the method of difference. But even that might not be sufficient. 
Things may be accidentally correlated for a long time and yet not be 
causally connected. To establish a causal connection there must be an 
intimate relation;. there must be some relation of identity of substance 
or energy, and Mill's canons give us no clue as to how to find it. 
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Consider, however, an actual situation when we are approaching 
a problem with a number of possible alternative hypotheses as to what 
e.g. might be the cause of cancer. Then Mill's canons formulate with 
some degree of appropriateness how by the process of verification I 
eliminate circumstances that fail to meet the requisites of a cause, 
i.e. of being necessary and sufficient conditions for the phenomenon 
obserwed. 


IX 


Most people draw a sharp distinction between natural science and 
social science. There is.some justification for this, but it is un- 
fortunately misleading as a dichotomy. If there are facts about human 
nature they are just as much the object of natural science as any other 
facts. The real difficulty, however, is that students of social science 
are interested not only in facts of existence, but in promoting certain 
more or less partisan purposes. Thus whenever we deal with sociology, 
or politics, or economics, or any of the so-called applied sciences, we 
are concerned with two different kinds of questions: (1) how things 
exist and are connected, and (2) how to promote certain purposes. 


The problem of ann purpose is a difficult one because it does 
not seem that all human beings do have in fact the same purposes. And 
if there actually are ultimate differences of purpose, it may not be 
possible to come to any agreement. In other words, when people really 
want different things you can't prove that they don't want what they do 
want. 


Now, Mr. Bertrand Russell has said with regard to philosophers 
that the reason they do not attain truth is because they don't want to, 
meaning that they prefer to maintain their points of view rather than 
see the truth. Well, whether that is true or not about philosophers, it 
is certainly true in social studies. For in the latter field we are 
much more anxious to achieve certain results, and our minds are thus 
closed to the possibility that we may be wrong in our fundamental 
assumptions. 


Take a concrete example: There are in the world today at least 
three different theories concerning what is the best form of government. 
Now, all of those theories are being tried experimentally in the different 
countries. Which works best? There seems to be great difficulty in 
deciding that objectively. Partisans of each one of these theories point 
to the country in which the experiment is being tried and say: "There; 
you see how well it works!" Well, the others are not willing to accept 
their judgment as to whether communism does work well in Russia, whether 
fascism works well in Germany or Italy, or whether democracy works well 
in our own country. These questions cannot be settled so far.as I can 
see by the same canons by which we settle questions of physics. Moreover, 
the problems of social science are much more complicated because they 
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involve not only the elements of physics and biology, but additional his- 
torical and psychologic consideration. And at that we still have many un- 
solved problems in physics, e.g. the problem of what will happen if you 
take an ordinary chair and snin it around: the mathematical equations are 
exceedingly complex, 


It is by no means cartain that our methods will keep on growing 
until we do solve all of our difficulties. It does not even seem highly 
probable that we shall ever reduce all social phenomena to relations so 
simple that they can be easily dealt with by a manageable system of 
equations. Nevertheless, the hope is there and the history of science 
indicates that many things that seemed unsolvable, sooner or later yielded 
to the human resolution to solve them. This gives us no assurance, but 
makes hope possible, 
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Scientific discoveries are not made by accident. Anticipatory ideas - 
are required. Observation is not the first step; we have to know 
what to look for. Pp. 91 - 93. 


The only safeguard against upholding some one theory too long is to 
test, out other theories as well and see which is best correlated 
with the observations, and which leads to new fields of fruitful 
experimentation. Pp. 94, 96. 


Science is constantly correcting itself. Scientists are always mak- 
ing trouble--never satisfied. A theory that is held today may be 
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Some remarks on the testing of hypotheses; p. 97. 


Broad interests are necessary for progress on new problems. Wider 
views stimulate the imagination to see new amologies. Pp. 77, 99, 
100 - i101. 


Are mathematics and physics both sciences? Mathematics is a sci- 
ence in the sense that it is demonstrable knowledge. The physicist 
uses mathematics, but deals with the actual world to acquire veri- 
fiable knowledge. Pp. 101 - 102. 
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ent of how the mind works; p. 103. 
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for corrections, and hence for continuous growth. Such an attitude 
is very distasteful to most people; human inclination is to rely 
on authority. The progress of science is by no means assured. 
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When people are absolutely ccrtain, no progress is possible; p. 105. 


The public, as a rule, is not interested in the scientific method 

or in the evidence with which it is necessary to qualify the validity 
of any proposition; what people usually want is the romance of the 
results of scienco. P. 105. 


Some remarks on the relative advontages of dictatorships and demo- 
cracies in verious situations; p. 106. 
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12. Technical terminology is often used to produce a pretension that 
is not justified. An example is the term "social science" applied 
to most of the social studies as they are now constituted. They 
are hampered by emotional attitudes, but real fields of science 
are possible in the social studies. Pp. 106 - 107. 


13. Science is not all of life. We walk although we do not understand 
all about walking, It is frequently necessary for individuals and 
the goverment to act today, before taking time for an exhaustive 
study of the nature of the act. P. 109. 


Proceedings of the seminar 


DR: BLAISDELL: Professor Cohen, speaking for myself, I enjoyed 
your lecture very much last night, and I suppose it is because you said 
sane things that I agree with. Lf some of the rest of the people here 
feel differently, perhaps it will be because they disagree with some of 
the things you said, and that ought to be a good situation for start- 
ing the discussion. 


DR. SCHWARTZ: Considering the many important discoveries in sci- 
ence that have been made by accident rather than by design, and that the 
biological sciences in particular have used the method of direct observa- 
tion with and without. instruments of precision; that many of the funda- 
mental discoveries in biology have resulted from observation, and some- 
times by persons without training in science: must we not say, therefore, 
that the method of biological science is lafgely inductive rather than 
deduct ive?# 


DR. COHEN: Well, if I assumed your facts, I suppose I should draw 
the same conclusion, but I should not grant your assumptions to be facts. 
In the first placs, I should not admit that any great discovery in sci- 
ence has been made by accident. I know that conventional history books 
say so; but every such account that I have checked up has proved to be 
erroneous. Let me give you some classic cases. It is said that Roentgen 
discovered X-rays (or Roentgen rays) by accident--just picked up a photo- 
graphic plate, and finding a picutre of @ key, naturally concluded that 
a new/kind of radiation must have caused it. But in point of fact, 
Roentgen had previously devoted years of study to the different kinds of 
radiations, so that the accident was the kind that could happen only to 
one/ who had thought ag much about the subject as he had. It is only be- 
cause he was ree dy to see the importance of that particular pi picture that 
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hé discovered the rays that caused it. 


/ Sone books clso soy that it was by necidunt tnat Hertz discovercd 
/ electric waves. But if you read what Hertz himself soys you learn that 
‘he was for years concerned with the question of whether the existence 


of elcoctric waves could be shown. He had been set that Digaae (oy 


*of. the lecture, sections III end IV. 
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Helmholtz to test Faraday's theory of the eter. Otherwise he would not 
have recognized what he saw as alectric waves. Nor do I know of a single 
important discovery made in scientific biology by anyone to whom it was 
not a matter of speciai interest and study. Of course, you can mention 
early observers like Leeuw?nhoeck, who was only a janitor. But t- think 
we must get rid of the notion that a man's intellectual equipment is de- 
termined by his social position or office. Leeuwenhoek was, undoubted- 
ly, a keenly interested and close observer, because he was looking for 
definite things. The ordinary man can look thiszough a miscroscope but 

he doesn't see anything of importance. I know for I looked through mi- 
eroscopes when I was a student, and could not s:« anything except patches 
of what looked like mud. I was told to draw wh..t I saw, but I couldn't 
draw anything definite when I saw nothing definite. Some ideas are re- 
quired before you can have really intelligent observation. We see with 
our mind's eye as well as with our physical eye: and seeing with our 
mind's eye is precisely what is meant by having e:nticipatory ideas. 


DR. TUCKERMAN: I am wondering whether that’ is quite clear. I 
am puzzled about your viewpoint. Take Leeuwenhoek , for instance, when 
he started out he hadn't a darned idea except ... 


DR. COHEN: Well, yes, that is exactly why I questioned ... 


DR. TUCKERMAN: Wait a moment! He saw things ard then he saw 
more things, and after a while, he said, "What does that mean?" I 
have just been reading Dobell's book Antony van Leeuwentjoek and his 
"Little Animals" (Harcourt Brace, 1932). I could find nw) preconceived 
ideas in the excerpts from Leeuwenhoek's writings. The g#neralizations 
he made were built out of the things he saw, after he had seen them. 
He was interested, yes, he had a mind, yes; but did he firs#t have a lot 
of preconceived notions that he tried to verify?" 


DR. COHEN: Most decidedly, yes. My point is this: urtjess he had 
anticipatory ideas, he would not have noticed the things that he saw. 
Take people from the street, give them a microscope with the sort of things 
Leeuwenhoek. had before him and ask them what they see. Try it’. 


DR. TUCKERMAN: I tried it myself as a kid when I got a microscope, 
and I saw things I never heard of. 


DR. COHEN: If you had seen what Leeuwenhoek saw you would be in 
his class. (Laughter) 


MR. WILCOX: I should like to ask how your theory differs froin the 
more usual type of explanation of the scientific method. To make it con- 
crete, would you indicate the steps in your outline in contrast with the 
four steps in the classic illustration of the discovery of Neptune, ta king 
as the conventional outline: (1) Observations of the positions of the 
planets by Tycho Brahe, (2) Induction into the three laws of Kepler; further 
induction into one law by Newton, (3) Deduction, in the form of mathemat:ical 
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computations by Le Verrier and Adems, leading to the theoretical position 
of an unknown planet whose existence was set up as a hypothesis to account 
for the irregularities in the orbit of the outermost known planet, (4) Veri- 
fication, when Galle set his telescope in the indicated position and dis- 
covered Neptune (September 1846). The point I am asking is how does your 
explanation of the scientific method differ from those classic four steps? 


DR. COHEN: It differs because I do not believe that mere observa- 
tion is the first step. For, as pointed out before, in order that the ob-~ 
servation should be significant, in order to find anything of importance 
in science, we have to know what to look for. ‘Take the example given in 
some books--the example that you gave--namely, Kepler looking at Tycho 
Brahe's tables and seeing the planetary laws.* ‘That is -a . most absurd 
story and no one who has ever seen those tables or read any of Kepler's 
works can for a moment believe it. The fact that the thing is current in 
textbooks shows to what depth of ignorance reputable writers on logic and 
the history of science can descend. If ellipses were so obvious in look- 
ing at Tycho Brehe's tables, why did not Tycho Brahe himself see them. 

Why did he invent his compromise between Ptolemy and Copernicus? In:fact 
the figures of Tycho Brahe's tables do not fit into ellipses with perfect 
accuracy. Kepler himself tells us of his various other attempts to ex- 
plain the planetary motions before he hit upon the theory of ellipses. 
Assuming with Galileo that the planetary motions must conform to some Greek 
geometric pattern he tried the theory that the paths of the planets would 
be found in the circumscribed spheres of the five regular solids.- If you 
read the introduction to his treatise on Mars, you will see he did not be- 
gin with the theory of ellipses, and that it was suggested to him by 
Apollonius of Perga's treatise on conic “Beer ous after other theories fail- 
ed to fit the observations. 


MR. BEAN: You mean in a simple case, where we have two columns of 
figures, it would be possible to see a curve in those two columns? 


DR. COHEN: I should say no one curve is definitely determined by 
any column of observations. What we actually do is precisely what Kepler 
did in essence. We try a number of theoretical curves-and see which fits 
best-with the actual readings. Anyone who hes ever done any curve fitting 
knows that if you take any column of figures and try to fit a curve to them, 
you have to-do a lot of stretching or contracting of the figures as well as 
of the curves to make them fit. (Laughter) 


I see that this strikes a responsive chord. And, on reflection, 
there is no reason why it should not. For, after all, nature is not con- 
cerned about our analytical difficulties. Nature doesn't run in order to 
enable us to get beautiful curves. As a matter of fact, the fitting of a 
geometric curve to actual observations is a problem that can be solved 
only approximately, and often pete ts by a considerable degree of generosity. 
(Laughter) 


* cof. the lecture, bottom of p. 81. 
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SECRETARY WALLACE: Professor Cohen, assuming that there are a mil- 
lion orders of truth ... ay 


DR. COHEN: I don't know what that means. I know only one kind of 
truth. 


SECRETARY WALLACE: Let us go back to the pre-Copernican theories 
of astronomy. Those theories seemed to ieuee after a fashion the ap- 
propriate observations of that time. 


DR. COHEN: That is right. 


SECRETARY WALLACE: And then they gradually put on successive 


orders advancing by theory and experiment, by the procedure that you 
have described. 


DR. COHEN: That is right. 


SECRETARY WALLACE: Advancing with that procedure, there is, of 
course, always the danger of directing the insight of the mind over the 
facts; there is always the danger that that particular order of truth, 
which may be a primitive order of truth, will be embraced over too long 
a period, especially if it is reinforced by colleges or by the church or 
government or other institutions. 


DR. ‘COHEN: Certainly. That is perfectly true. 


SECRETARY WALLACE: I see, therefore, a certain amount of danger 
in your concept; although in some respects it runs entirely contrary to 
the Nazi doctrine of truth, yet I can see how your application could 
easily lend it comfort as well. 


DR. COHEN: Well, my answer to that is the one I gave before. 
The only cure for hardened theory is logic, which enables us to see 
that the theory we propound is not the only possible one. Logic en- 
ables us to raise the question, does the theory satisfactorily ex- 
plain the facts, or will other theories explain the facts just as well 
or better? That is the only cure that we have against hardened theory. 
‘Without it there is no cure at all, since we all see what we expect to 
ses whether it is there or not--and we assume as facts that which we 
are too lazy or unable to question. What you call attention to is a 
very serious danger. But the only way to overcome it, it seems to me, 
is to be aware that’ many of our assumed facts are but theories, If 
you are aware that your assumption as to what are the facts involve a 
theory, then you ask what other theories are available and whether 
they may not explain the facts much better.* More important ‘still, in 


* See section VIII of Professor Cohen's lecture. 
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actual scientific research, is to ask whether another theory or point of 
view would not enable us to open up new fields better than the existent 
theory. The men who is on the firing line of science is not merely con- 
cerned with explaining the facts that exist--he wants to find something.* 
Now some theories give you a better approach to seeing and finding things 
than others. For instance, on the theory that electricity acts at a dis- 
tance there is no reason for looking for electric waves or for an apparatus 
that will create them, whereas, if you take the theory of Faraday, then 
you have some sort of clue to electric waves, and along that line you may 
find some phenomena; in fact, electric waves were discovered. 


SECRETARY WALLACE: But that makes necessary a certain number of 
scientists who are always questioning the complete system which has hither- 
to been set up on the theory that this whole system, perhaps going back for 
a thousand years, may be falsely based from the standpoint of concrete 
truth. 


DR. COHEN; That is right. 


SECRETARY WALLACE: And who is going to back the scientist like that? 
He is a sure trouble-maker. 


DR. COHEN: He ist and I think the genuine scientist must always 
expect to be in trouble. Things excellent are not attained without trouble. 
(Laughter) 


DR. TUCKERMAN: Dr. Cohen, I had a hard time trying to follow you 
in your statement about verification and confirmation.** Look back over 
the history. I have read Newton (incidentally, in the original) and fol- 
fowed his corpuscular theory of light. I have followed the later devel- 
opments, and have seen the wave theory come in and partially go out. The 
wave theory was at that time more stimulating to further research than any 
other. However, it was not verified any more than Newton's corpuscular 
theory was verified, for today we know that Newton, with his corpuscles, 
and his fits, was nearer to aye present thought about light than were 
Huyghens, Young, and Fresnel. 


* As Professor Morris put it, "the test of reliable knowledge is accuracy 
in prediction.” (Part I of Lecture VII). 


** See page 86 of the lecture. 


+ (From Newton's Opticks, (1704) Book II, Part III, Prop. XII. “DEFINITION. 
The returns of the disposition of any Ray to be reflected T will ¢eail its 
Fits of Easy Reflection; and those of its disposition to be transmitted, 
its Fits of Easy Transmission and the space it passes between every re- 
turn and the next return, the Interval of its Fits." ; 
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DR. COHEN: I should not admit that. 


DR. TUCKERMAN: Because today light is both corpuscles and waves, 
or shall we say with Newton, corpuscles and fits. 


DR. COHEN: ‘That doesn't mean that Fresnel is wrong, though. 


DR. TUCKERMAN: No, but Newton's ideas contained more of our mod- 
ern thought than Fresnel's. Because Huyghens and Young and Fresnel's way 
of thinking was at the time a more stimulating way of thinking than Newton's 
is no reason for saying that it was more verified than his. Similarly I 
want to mention again action at a distance. We can take all of our field 
theory, and can convert it back by means of retarded potentials to the old 
theory of action at a distance. We do not ordinarily do so because in most 
cases thinking in terms of the field theory is a more fruitful way of think- 
ing; easier, better. There are, however, still. some problems in which the 
old theory of action at a distance gives us a clearer picture and makes our 
thinking easier.* Where, then, does the distinction between verification 
and confirmation come in? 


DR. COHEN: Well, in the first place I don't agree with your state- 
ment concerning the bearing of Fresnel's experiments. I think that Fresnel's 
experiments did show that Huygens' theory was better than Newton's in the 
form in which Newton originally propounded it. If you look upon light as 
consisting of material corpuscles, then the question of diffraction becomes 
relevant ard Newton's theory does not explain the phenomenon that Fresnel's 
experiments reveal. The experiments of Young and Fresnel do point to a dif- 
ficulty which Newton's original theory cannot overcome, and therefore as be- 
tween the wave theory and Newton's corpuscular theory, Newton's theory was 
definitely refuted. Hence, according to the view of verification that I am 
propounding, the wave theory was verified in the sense that it could not 
only explain everything explained by the Newtonian theory but also certain 
phenomena that the latter could not. 


Now, today we are in a different position. Today we don't talk any 
more about light consisting of material particles. Today we talk of elec- 
trons and their fields, and as the electron is both a particle and a wave, 
it satisfies both the corpuscular and the wave theory. This illustrates 
the point I made before, that when we verify a theory we do not prove it, 
but only show it to be better than the available alternative theory.** 

Now in the state of knowledge of the latter part of the nineteenth century 
the wave theory with its ether was the best available theory. It explained 
phenomena of light and electricity better than the corpuscular theory. 


* The same issue came up in the Morris seminar, which the reader may wish 
to consult. 


** Cf. the lecture, p. 79. 
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But with the abandonment of the ether and the new conception of the electron 
and photon you have elements of both theories, Newton's and Huygens’, and 
an entirely different situation. 


DR. TUCKERMAN: Must we give up and say Newton was wrong? 


DR. COHEN: Yes, we should say that Newton was wrong. And he was 
wrong in considering mass as an absolute. constant and that if we kept on 
increasing the force acting on it we could increase the resulting velocity 
indefinitely. To the extent that Newton assumed such a thing he was def- 
initely wrong. That is why we have non-Newtonian mechanics today; it rests 
on experimental evidence: as well as on the relativity theory. 


DR. DEMING: Professor Cohen, your distinction. between the coneepts 
that you designate as verification and confirmation appeals to me very 
much, and I see in it a connection with some ideas that J. Neyman and 
Egon Pearson have been stressing in their theories of testing hypotheses.* 
In the first place, they have insisted that there is no use testing a pro- 
posed hypothesis in regard to some observed phenomenon (sample) unless some 
other hypothests could also be an explanation. If the proposed hypothesis 
is the only possible explanation of a phenomenon, we shall accept or reject 
it on grounds other than the immediate phenomenon under consideration. If 
we reluctantly accept it, we are obliged to go along with it, probable or 
improbable, test or no test, until we see some new light, and devise a new 
theory. Now in case we do have two or more explanations (hypotheses), we 
should choose our criterion of test so that it differentiates as sharply as 
possible between the proposed hypothesis under test, and the alternatives, 
one or more in number. We want to guard against rejecting a perfectly good 
hypothesis, but we also need to guard against accepting one that is not as 
good as another. In other words, our test should be chosen so as to verify 
a hypothesis (or of course reject it as not verified). We are not intereste 
in simply confirming it. If a hypothesis is a possible explanation of an 
observed phenomenon, it is confirmed by the phenomenon; but it is not veri- 
fied until it is compared critically with other possible hypotheses and 
found to be the best available. This’ idea has led Neyman and Pearson into 
a careful examination of the statistical theory of testing hypotheses. 


DR. SEEGER: I was just wondering if perhaps there aren't different 
uses of the word “theory”. I always like to use the word "theory" in the 
sense of its root, theoria which enables you to say a few things. Now. 
Newton standing at a certain position saw.a few things. If we go back to- 
day and stand in that same position we see the same view, and Einstein has 
another view. 


DR. COHEN: A wider view. 


DR. SEEGER: And if we can get a still higher point that will take 


* J. Neyman, Lectures and Conferences on Mathematical Statisti 


edited by W. Edwards Deming (The Graduate School, 1938). 
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everything in, then we have the best theory of all. 
DR. COHEN: That is it. ‘hat is precisely what I am maintaining. 


DR. SEEGER: May I ask you an embarrassing question? I am going 
to rely upon your sense of humor. You said last night a very true thing, 
that the world is full of myths and superstitions.* I have always thought 
that probably we never get rid of them. It is like weeds, when you get rid 
of one kind another kind comes up. You were suggesting that we get rid of 
the myth that Galileo had propounded the well-publicized experiment on fall- 
ing bodies, and I agree that from Professor Lane Cooper's work,** and from 
what I have been able to read through the translation of Galileo's work, 
that there is no direct evidence of that experiment. I wonder, however, if 
we are not putting up another myth when we say that the experiment has 
never been performed. 


DR. COHEN: All the experiments of this kind indicate what was’ point- 
ed out by a man that lived long before Galileo, namely, Lucretius.* Lucretius 
pointed out that if you take two things, a stone and a coin and drop them 
in water, they won't sink at the same rate, and he explained that this is 
due to the resistance of the medium. Now I take it that air is a medium, 
and like water will offer a greater proportinate resistance to a lighter 
body than to a heavier body. I assume, therefore, that it is accepted by 
all physicists that in the air a lighter body will take a longer time to 
fall than a heavier body. Einstein in his book*t* on the Evolution of 
Physics refers to the supposed experiment from the Tower of Pisa, and says 
that it proved that objects come down at the same time. . When I last saw 
him, I said, "Dr. Einstein, how can you say that? You know that the air 
is a medium, and that a heavier body overcomes the resistance of a medium 
more than a lighter body.” To which he said, “Of course you are right." 


DR. SEEGER: Now, to come back, though to the original point about 
the experiment ... 


DR. COHEN: Please remember that I don't say that the experiment 
from the Tower of Piza didn't take place, but I say that if the experi- 
ment did take place it wouldn't have proved what the books say it did, 
theoretically it should have shown that in the air all other things be- 
ing equal the heavier body comes down first. 


Pete a tio lecture, p, 80, ** Reference on p. 82. 


, As pointed out on p. 82, a convenient source of Lucretius statement 
occurs in Lane Cooper's book. 


** Mentioned on p. 83. 
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DR. WINTERS: Dr. Cohen, I gathered from your discussion that you 
recognized the weakness in our scientific procedure due to a lack of his- 
torical background and that we may be stronger in technique than in other 
_important factors. Consider the mental attitude of weighing evidence. 
That, brings us back to the preparation for scientific work. Is the his- 
torical background more essential or the development of curiosity through 
training? What can be done toward developing this attitude toward scien- 
tific research and so on? 


DR. COHEN: I should say curiosity is a function of two factors. 
One is native endowment. Some people have no curiosity; they are listless 
intellectually. All sorts of things happen and they are not interested. 
The capacity to be interested, I think, is native. On the other hand, 
the element of training is not to be overlooked. I think, that all normal 
children, and many animals such as dogs show some curiosity. Children 
show their curiosity by asking all sorts of questions. Education either 
represses or encourages this inclination. The parents and teachers who 
do not like to admit their ignorance give some fake answer which con- 
fuses the child or gets the latter into the habit of being satisfied 
with verbalisms. Sometimes things like that happen in the universities. 
(Laughter) 


When I was young I taught elementary mathematics in the high 
school department of my college, snd I had a textbook which pretended to 
prove that every equation had a root. J knew enough mathematics to be 
familiar with two attempts of Gauss to prove that proposition. ‘The great 
Gauss found it difficult. But the author of my textbook blithely tried 
to prove it to Freshmen in a few lines. Needless to add, it was a phony 
proor. It is that: sort of thing that kills curiosity. It is like civing 
a stone to a hungry man; it will kill his hunger, if he swallows it. 


What you say about techniques is, I think, very important. Itis 
important to realize that scientists are not likely to make many grave 
mistakes in the ordinary laboratory procedures.* For their techniques 
are worked out before them, and so long as they go on the beaten path 
they cannot go far wrong. But when it comes to tackling new problems 
you need more background. That is why I think it Is a great misfortune 
for students to begin to specialize too early. A young fellow makes up 
his mind to become a botanist and he doesn't take courses in mathematics 
or astronomy, theoretical physics, or geclogy. Well, he is not likely to 
become 4 great botanist. He may be able to do routine things well, but 
if he wants to be creative he ought to have his mind awake. I don't say 
his mind will necessarily be awakened by the actual course given in physics 
at his colleze. He may be better off not to take it. (Laughter) But the 
principle I am asserting is that if the botanist has the kind of mind that 
is awake to larger possibilities, he will look at problems in botany from 
a wider point of view and get the wider.perspective that you have indicated, 


© ‘Cf. ps 7? of the lecture. 
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and see new possibilities where other men will not. 


Take a concrete example: Einstein worked out the special theory | 
of relativity. Then there was a problem before him: how on earth can 
it be made to fit in with the effect of acceleration? If you are on a train 
that is moving uniformly, the principle of relativity can be illustrated. 
But suppose the engineer puts on the brakes or suppose he speeds up. Well, 
your coffee spills or things behave differently, and that is an experi- 
mental fact. How can you reconcile that with the principle of relativity? 
The ordinary man of science could not get around such a difficulty. But 
an Einstein, with the genius for real thought, is not stumped. After all 
what is a fact? We call that a fact which we take for granted to be in- 
volved in our sense experience and which we explain in certain terms; and 
the, question may be raised: can we interpret the supposed facts somewhat 
differently? That is what Einstein did and arrived at the general theory 
of relativity. May I give you another example? I took a course once in 
psychology with Professor C. A. Strong. In this course Strong expounded 
with great thoroughness his theory of panpsychism. In the last hour of 
the term he said to us, "Gentlemen, there is one difficulty with my theory 
which I haven't taken up, and that is that it doesn't fit the facts. 
(Laughter) A few of us laughed, as you do, but he quietly added: 


After all, what are the facts? The facts of psychology are 
those data of experience which we interpret in the light of the 
currently. accepted ideas, But since 1 reject these ideas, the 
theory which I hold cannot agree with the customary interpretations. 
Therefore, what I have to do is to take all the data of psychology 
and show how they do fit into my theory; and that requires a course 
Viel SeLt ¢ 


DR. DEMING: Dr. Cohen, yesterday I understood you to make the state- 
ment ‘that few scientists know what the nature of science really is and I 
dare say that is true and I don't feel conpetent to judge, but I want to ask; 
do you think a man can be a good scientist and not have an intuitive feeling 
either by training or native ability for the nature of science? 


DR. COHEN: If a man hasn't an intuitive insight into problems and 
where they lead to he cannot do first rate work. But that is different from 
having a clearly articulated idea of what the whole thing is about. 


DR. DEMING: Would you explain? 


DR. COHEN: Well, let me say this: we must get back to the 
principle of routine versus the principle of initiative.* Ina 
great deal of scientific work there is much routine. Now in routine 
work you don't need to know what is going on outside of your narrow 
field. If you have the training, if you have the technique, you know 


-” 


* This is the same distinction that Professor Cohen mentioned on pp. 77 
and 99% 


- 
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almost instinctively what you have to do. No biologist, for instance, 
will commit the fallacy of Freudian psychologists, of having no control 
to check his observation. Every biologist "instinctively" knows enough 
to use controls, in the sense that it has become a habit. But when he 
comes to a new problem, and the ordinary analogies which have been 
built up in the course of his routine fail, the old habit or technique 
is no longer sufficiént. One must have a wider view to see new possi- 
bilities. Thus it isn't every competent scientist who makes great dis- 
coveries, or opens new paths, Wider views stimulate the imagination 

to see new analogies not seen in narrow fields, 


I don't know whether I have made my point clear, but I should 
like to. 


DR. DEMING: Yes, thank you. I should like to ask another 
question. It may be clear off the subject, but I should like to get 
your opinion: is mathematics a science and is physics a science? 
How do they differ? Are they both sciences? 


DR. COHEN: Because the term science is one of praise, those 
who quarrel about the word are usually interested in the prestige that 
goes with it. But the mathematician deals with a’subject that is too 
well estabilshed and too absorbing in interest to make him care 
whether you call it science or not. It is the sociologist who, not 
having the advantage of such a definite subject matter, is so much con- 
cerned in defending his claim to be called a scientist. (Laughter) 


But I want to answer the question. Let me put it this way: If 
we are interested in a subject, we can change its name. Let us then 
drop the work science and speak of the kind of knowledge for which 
there is evidence, that is to say, views or assertions that are not are 
bitrary but for which there is some support. Now, if you regard sci- 
ence as the ascertaining of propositions for which there is evidence 
or proof, no one can deny that mathematics is a science. If for. in- 
stance, you assume Euclid's axioms, is it or is it not true that four 
circles can be tangent to each other, .or that there are only five reg- 
ular polyhedrons? There can be no doubt that we can prove that it is 
impossible, absolutely impossible, for Euclid's axioms to be true and 
the proposition that there are only five regular polyhedrons to be false. 
That is the kind of knowledge that we acquire when we study geometry. 
Now if you have a grudge against mathematics, you can define the word 
science so as to exclude mathematics. But there is no doubt that math- 
ematics is a science in the sense that it is demonstrable knowledge. 

Of course, mathematics differs from physics. For in physics we 
are not satisfied merely to have the kind of knowledge which informs us 
that if certain premises are ture, certain conelusions must follow. In 
physics, we want to know whether certain things are so, whether actual 
observation will fit in to our axioms or primitive propositions. In 
other words, the physicist wants to know something about the actual world 
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and not merely about possibilities. He not only applies or uses math-— 
ematics, but checks up the result of his deduction by observation on 
nature. He thus has verifiable knowledge and that is surely what we 
ordinarily mean by science. 


DR. LAURITZEN: Yes, but you said check up the mathematical 
equations, and that is just the point I am getting at. The mathemati- 
cal equations are true if the man hasn't made a mistake--perfectly 
good based on certain postulates following certain rules; his equations 
aré true whether he observes anything to correspond with them or not, 


DR. COHEN: I would not quite put it that way. Equations other 
than identities are not true by themselves; i.e., equations that refer 
to existing things and formulate laws of physics or of other natural 
science are true only if what they assert is as asserted. We must not 
forget the difference between the point of view of the mathematician 
and that of the physicist. The former deals with necessary relations 
between all possible entities. If a man like Einstein begins with an 
equation like that which expresses the photo-electric law and deduces 
certain consequences, the process of deduction is pure mathematics. 
But as physicist he isn't satisfied with that. To the physicist, equa=- 
tions describe states of nature and he wants to know whether the de- 
duced consequences hold in fact. Mathematics alone cannot tell him 
whether the law of gravitation, the law of conservation of energy, or 
any other particular law, is true or not. That is a question of fact, 
and that means, ultimately, whether the observations of nature fit in- 
to our mathematical equations. 


DR. LAURITZEN: Since one can't tell from the study of mathe- 
matics whether these equations are true that brings up the question of 
whether physics and mathematics are the same thing. 


DR. COHEN; They are not the same, obviously; for while mathe- 
matics is a part of physics, it is not the whole of physics, and there-= 
fore the two cannot be identical.* I would go further and say that if 
we enlarge, as we must, our concept of mathematics and define it as 
Benjamin Peirce (1809 - 1880) did as the art of drawing the necessary 
implication of our assumptions, then every study is scientific to the 
extent that it is mathematical. But mathematics is surely not the whole 
of natural science. 


DR. ENGLUND: You said that if such and such is true, that is, 
if our assumptions are true, then what follows must necessarily be true. 
Isn't that also an assumption? 


* at this point the reader may wish to consult the remarks made by 
Professor Morris, Lecture VII, part III; also the first two pages 
of the Morris seminar. 
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DR. COHEN: No, it isn't an assumption in the ordinary sense. 
There is a difference. The ordinary assumption has an alternative, 
but the assumption of logic has no genuine alternative. Take, for 
instance, Euclid's axiom that from a point outside a straight line 
only one parallel can-be drawn. That is an assumption. To be sure, 
for over two thousand years it was generally regarded as self-evident. 
But when you exemine it logically you see it has two possible alterna- 
tives: no parallel lines can be drawn, or more than one can be drawn. 
To a genuinely logical proposition however, there is no alternative. 
To the proposition, it will rain tomorrow, there is an alternative. 
Not so to the proposition: pes “will | either rain or not. The logical laws 
of identity and contradictions cannot be really doubted. For when you 
express the doubt you have already assumed the laws of logic to make 
your statement say what it does and not its contradictory. 


DR. RANDS: May that not be just merely a product of mind? 


DR. COHEN: That wouldn't make any difference in regard to its 
meaning or validity. 


DR. ENGLUND: Does that mean that there isn't necessarily one? 


DR. COHEN: No, the question is not merely one of psychology, of 
how the mind works, or whether you or I in fact see certain things. 
The question is a logical one, whether any doubt to a strictly logical 
proposition can be formulated. A concrete example may make it clear. 
John Stewart Mill, with the courage of his empiricist confusion said 
that 2 plus 2 may be 4 for us, but might be 5 on some other planet. 
That is concretely the kind of issue which you are raising. What is 
the answer to Mill? It is simply to make the distinction that you made 
before. If you mean that two drops of water and two drops of alcohol will 
make four drops of the same size, then you don't need to go to Mars to 
see that that is dubious.* If you take equal volumes of gases far 
enough away from their critical points you will find two plus two equals 
two, because the gases interfuse and the two have the same volume as 
either one alone at the same temperature and pressure. But if you mean 
by two plus two what the mathematician means, that id to say, assume 
that there are any two entities that are distinct, and two other 
equally distinct entities of any kind, then we can show that it has no 
meaning to say they might as such be five. Every mathematical proposi- 
tion exhausts the field of possibility. 


DR. ENGLUND: Professor Cohen, yesterday you touched upon the 
social field in the course of your lecture and I should like to ask you 
a guestion bearing on it. JI understood you to say that the progress of 
science in general depends upon the capacity for self-correction. 


* The reader may wish to examine what C. I. Lewis says on this very 
point in his Mind and The World-Order (Scribners, 1929), p. 250. 
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DR. COHEN: That is right. 


DR. ENGLUND: Now, under the totalitarian society there presumably 
would be in many fields less opportunity for self-correction. Would you 
care to express yourself then as to the general implication of relative 
degrees of totalitarianism upon the progress of science? 


DR. COHEN: Well, let me put the problem in a most general way. 
The distinctive trait of all science is precisely that instead of trying 
to squelch doubt by force, it encourages it as far as possible. The 
primitive habit is that of authority and reiteration which parents and 
poor pedagogues illustrate when they are asked embarrassing questions. 
Communities generally try to suppress doubt concerning accepted ways when 
just doubt raises fear or irritation. In the absence of the latter, we 
ignore the man, call him a fool, an idiot, or something of that sort. 


If somebody wants to disprove the proposition that in Euclidean 
geometry the square on the hypotenuse is equal to the sum of the squares 
of two sides, we don't get much annoyed because we know perfectly well 
we can prove it to anyone who is willing to listen. But if somebody 
questions something that we can't prove and about which we profess to be 
certain, then we get irritated. You can see that everywhere. Human cer- 
tainty generally varies inversely in proportion to the amount of knowl- 
edge. (Laughter) Take the ordinary citizen. Of what things is he most 
certain? Surely not of the things of which he has most information. 
Suppose he is interested in the lard market and we ask him the prospects. 
He will be cautious and give us qualified answers, because he knows some- 
thing about it. But ask him questions on politics, or religion, and he 
is one hundred per cent certain, because he knows nothing to the contrary. 
And when you begin to question him on these matters he gets excited be- 
cause of the fear that he might not be able to prove what he is not pre- 
pared to abandon. 


Science as a self-corrective system can abandon any one proposition 
when there is evidence against it, since it does so by its own method and 
so maintains its ¢ontinuity. But the unscientific have no such way and 
hence must cling to their assertions by reiteration and suppressing any 
opponent or doubter. The non-scientific attitude, however, breaks down 
in heterogenious or rapidly changing societies. Imagine, for instance, a 
child born in an Arabian village. He hears everyone say five times a day, 
"There is no God but Allah and Mohammed is His prophet." To him that is 
as much of a fact as electric currents are to us. We all believe there 
are electric currents and we pity anybody who questions that. But suppose 
the Arab leaves his village and goes to Europe. He meets peophe who don't 
believe in Mohanned. Then he is perplexed. He begins to reflect or ana- 
lyze--that is what we call the disintegration of ideas. 
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How can that disquiet which comes from disintegration of ideas be 
dealt with? Of course, one way is to suppress or even kill all the 
people who doubt it. It is a great mistake to think we don't get unani- 
mity by killing off those who don't agree with us. I think human history 
shows that that is a fairly successful method so far as human efforts 
ever are successful. For instance, classical paganism was actually sup- 
pressed, in its outer forms at least, and thus eliminated by force. But 
that is not the method of science, The method of science takes the bull 
by the horns and says; "No, we are net going to suppress any doubt. On 
the contrary, we will try to raise as many questions as we can, because 
if we question everything we shall very often extend the limits of our 
knowledge, and within those limits we shall be able to build up some- 
thing enduring or at least capable of continuous growth." Now the dis- 
advantage of science is that it never gives us absolute results, because 
being a self-corrective system,, you must keep the thing open for the 
possibility of correction. Such an attitude is very distastefulto most 
people. Most people like to sleep on a pillow that has no doubt in it. 
The result, thereforé, is that this attitude of scientific procedure is 
very distasteful, and human beings find it hard to keepit up. The prog- 
ress of science is thus by no means assured. It goes contrary to our in- 
clination. Human inclination finds it easier to rely on authority. 


It is a great. mistake to think government rests on force. It rests 
upon the need of people to be governed. And the Good Book illustrates 
it in the story of how Saul became the first king of Israel. You re- 
member Saul was looking for his father's asses which had strayed. And 
when they decided to make him king, he tried to hide among the wagons, 
but they sought him out and insisted upon making him king. That is a 
psychologically very true account of the nature of government. People 
dislike not only anarchy, but also to have to decide for themselves. 
For that involves responsibility and thought which is always painful. 
Those of us who have tried it know that. 


MR. GLICK: Is that the reason that you were so discouraged 
about the application of the scientific method to social problems? 


DR. COHEN: I am not discouraged. I merely want to look fear- 
lessly at the facts as they actually exist. Science makes progress bee 
cause it isn't absolutely certain. In those fields in which we are ab- 
solutely certain there can be no progress. If you have the complete 
truth, then to that extent there can be no change for the better. Sci- 
ence means progress because it is constantly correcting itself, and there- 
fore there can always be more correction. This holding yourself in 
balance and saying, "So far the thing has worked, but we must be pre- 
pared to modify it," is very distasteful to people who want to know the 
final results of science. That is why popular science is largely myth- 
Ologic. What people demand of popular science is not the evidence that 
is necessary to qualify the validity of any proposition. People don't 
care about evidence. What they want is the story or romance of science. 
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Now anybody who tries to formulate any result of science with- 
out the qualifications within which it is true, is of course producing 
a romance, and it seems to me that men like Eddington and others are 
trying to persuade people to think that they understand the quantum 
theory, which no one possibly can who doesn't know enough mathematics. 
Nevertheless, it is easy to persuade people that they do understand, 
for it flatters their vanity. They are anxious to believe it, and there 
is nothing that succeeds so well as giving people what they are anxious 
to have. Thus you get pseudo-science, 


And here we come back to your point that the totalitarian powers 
have a great advantage over the democratic powers, because the demo- 
cratic powers ultimately assume that human beings can reason and can 
weigh evidence for changed doctrines or changed policies. The totali- 
tarian powers assume that the people are either averse to or incapable 
of thought, and prefer their accustomed ways. Generally speaking, they 
are thus apt to succeed in the routine of life. Government thus always 
triumphs over anarchy. But there are periods of stress when the good 
order breaks down because it is a hindrance to the better. That was 
clearly demonstrated in the last war between Germany and the Allies. 
Germany was highly disciplined and the people trusted their commanders 
implicitly. But when these commanders proved in error, when the final 
victory in the summer of 1918 did not come, the German people collapsed. 


Now in democratic governments there is always an opposition, and 
the opposition encourages distrust of the government to a certain extent, 
and people are not so completely surprised that the government can't 
deliver the goods all the time. Hence defeats did not so readily break 
the morale of the French and English. 


DR. ENGLUND: Would you conclude, then, that on the long pull 
democracy is more efficient than totalitarianism, although on the short 
pull you would grant the advantage to the latter? 


DR, COHEN: If we last long enough we shall outlast the dictators, 
yes. (Laughter) 


DR. BLAISDELL: Professor Cohen, what you said about sociologists 4 
while back in a way answers the question I am going to put to you, but 
still I am going to ask it anyway. It is very common these days for the 
_ so-called man in the street, and moreover a good many people who are sup- 

posed to be intelligent, to refer to a certain body of knowledge as the 
social sciences. In the first place are we presumptous in using the ap- 
pellation “social science" to apply to that field of knowledge? And in 
the second place, does the habitual use of it, and popular use of that 
phrase encourage generally greater expectation from the people who are 
studying in that field than we have a right to expect from them? 


DR. COHEN: I would answer the second question categorically in 
the affirmative. I should think that the use of the term social sci- 
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ence tends to produce a pretension that is not justified and therefore 
inimical to the very spirit of science. The false pretense or expecta- 
tion is aroused especially through the use of technical terminology. 


One of the great revolutions in the intellectual history of man- 
kind occurred at the end of the seventeenth and the beginning of the 
eighteenth century, and that was the change from the use of Latin to 
the vernacular as the language of the learned, Even in Harvard College, 
I am informed, all the recitations were in Latin up to the Year of 
Grace 1828. Now, when you speak Latin you are a learned man. You don't 
have to do anything more. But when you translate the thing into ordinary 
English then you must say somethiig in order to keep up your prestige as 
a learhed-man. That is what happened in some German and Scottish Unie 
versities at the end of the seventeenth and at the beginning of the 
eighteenth century when men like Thomasius, Hatcheson, and Adam Smith 
began to lecture in the vernacular... Thomasius was almost killed for it 
by his fellows who saw the danger. But the old professors were need-- 
lessly afraid. For by substituting technical terminology for the ver- 
nacular they produced the same cold situation over again. The ordinary 
man who wants to know what life is reads Herbert Spencer, and whem he 
is told it is the sum of the vital activities or functions he feels that 
he has found the secret and he is satisfied. Or when he is told that 
there are processes of integration or reintegration, he gets the impres- 
Sion that he is in the presence of profound science. Stardhed termino- 
logy gives one the feeling of high intellectual society. In that way, 

I think, the false appearance of the term science is a real hindrance to 
progress in actual knowledge. We must get rid of the appearance of say- 
ing something when, in point of fact, we are engaged in empty formali- 
ties. 


% 

Most human conversation is really meaningless, and it isn't sup- 

posed to have anv meaning provided it conforms to the proper form. It 
is just ceremonial gesture. 


But to get your first question, I should say it is a great’mis- 
take to try to rule out all social studies as unscientific because of 
the false pretense on the part of some who haven't any insight or sub- 
ject matter and therefore have to quarrel about their terminology. I 
think there is a great deal of genuine critical knowledge resting upon 
good evidence in most of the social studies, and I would make a strong 
plea for history as a science, not in a sense that it sets up laws 
(that is nonsense, since history deals with individual facts)* but in 
the precise sense that it deals with evidence critically. Did Louis 
the 16th conspire with the emigre nobles? The scientific historian ex- 
amines the available evidence and considers the various possible inter- 
pretations and the difficulties they involve. I say that men of that 
type deserve the name of scientist just as much as geologists or naturale 


* There seems to be a disagreement with Dr. Sigerist's point of view; 
ta De nleoe ‘ 
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ists of the type of Darwin. 


I should then answer your first question by saying that there are 
real fields of science in the realm of social fact. The man who has an 
eye for facts, whether it be about human beings, stones, or anything else, 
the man who asks, "Is it so?" and "Can it be verified?" has the essence 
of all science, provided he follows the critical methods of proof and 
verification. The difficulty is not only that social facts are more com- 
plicated and thus have a high variability, but that we are under pressure 
and ina hurry to produce,results. But genuine scientific results that 
will bear criticism and withstand the attrition of time cannot be pro- 
duced ina hurry. They have to be submitted to all sorts of tests. 

Hence those who have the genuine scientific spirit always resent being 
hurried. They tell at Johns Hopkins that President Gilman who was very 
anxious to get the men on his faculty to publish, went one day to 
Rowland's laboratory and asked, “Dr. Rowland, have you published any- 
thing recently or are you contemplating any publication?" Rowland then 
said, "Go away, go away. Don't you see I am busy?" Now, I think Rowland, 
who was one of our greatest physicists had the right point of view. He 
was engaged in a problem and he was not going to publish things because 
the university needed credit. 


Let me mention something that has a bearing on both your ques- 
tions. When in the meeting of the Royal Society the result of the ex- 
pedition to test the Einstein theory was announced, and Newton's law of 
gravity was thus in a limited sense overthrown, one man is reported to 
have gone out shaking his head dolefully, “And to think of it, that the 
Royal Society should listen to a paper attacking Newton who was once 
its president!" Now, that man seems to me to express the essence of all 
that science is not. Science was perfectly willing to honor Einstein, 
who was a German and a Jew, and to overthrow in part the theory of the 
national hero, Newton. Science is willing to honor the innovator because 
science doesn't depend upon loyalty to an accepted doctrine, but is will- 
ing to overthrow any doctrine for any other for which there is better 
evidence. 


Now if we have that attitude in the social field we can make prog- 
ress. But what do we have? In the social field we find that certain 
doctrines are taboo and certain doctrines are hallowed. How many of us 
do not recoil at the word Bolshevism, Communism or Faschism, free love, 
atheism, or fail to be thrilled by the words democratic, progressive, 
etc. But since these words are vague and cover multitudes of different 
things, free inquiry is hindered by the emotional attitude. 


; MR. BEAN: I couldn't help but try to apply your suggestion with 
respect to the desire to get results with accuracy in the very narrow 
field of administrative economics. A very specific example, let us say, 
might be where the question arises, what volume of industrial activities 
is required to give us an ecighty-billion-dollar national income? Now 
some of us working together can answer that question within twenty-four 
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hours. We place together certain bits of information and we approximate 
the answer, We feel intuitively that the answer will be within five per 
cent correct, that we might have to have a fifty per cent increase in 
production--forty-five per cent to fifty-five per cent, or something of 
that nature, and for administrative purposes that answer is sufficient. 

On the other hand, you will find throughout the government circles the 
attitude of the economists that they mustn't be pressed for an answer to- 
day or tomorrow, and that if we set up a dozen people to answer that ques- 
tion perhaps within the next six months we should have the exact answer. 


Now, isn't there some danger of the economist and the sociologist 
trying to be scientific in your sense, while meanwhile the parade will 
pass by and there will be no need of his answer by the time he gets it, 
though a ninety per cent answer would have been sufficient if delivered 
on time? 


' DR. COHEN: What you say is perfectly true. But we must distinguish 
between two different questions. Onc is how to live, and what is the 
nature of things? Now, unfortunately we have got to live today before we 
can find out the nature of things. What you are calling attention to is 
the fact, for instance, that the government has to function today, and 
that the true result of its action might not be found in six months--in- 
deed, it might never be found. Consider the exact causes of bodily loco- 
motion. What is it really that makes the nerve "conduct" and the muscles 
contract? To me the question hasn't been completely answered as yet. But 
that is no reason for my not walking. When you have to go somewhere you 
walk alomg and don't bother about the scientific problem of nerves and 
muscles. Science is not always a pre-condition for other human activi- 
sae Science satisfies primarily, I should say, an intellectual inter-~ 
est. 


Now man is not only an animal that consumes food or surrounds him- 
self with various kinds of clothes and buildings, but he also has this 
curiosity and wants to find out things. Man's various desires sometimes 
clash. The desire to know is one thing and the desire to make the govern- 
ment function is another thing. Now TI do not believe with Plato that 
government should be run by philosophers or scientists. Government must 
satisfy other demands than that of human curiosity. Although no govern- 
ment can really function well unless it does appeal to the imagination of 
its people, it has a number of daily chores, which must be done whether 
our knowledge is adequate or not. Government cannot stop its functions 
to wait until we find out all that is involved ina proposed action. 

That we may never be able to find out. 


But that is no excuse for saying that something is science because 


* The reader may wish to call to mind Dr. Moulton's similar statement on 
Pp. 32 of his lecture. 
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we do not have time to find out whether it is true. What is inexcus-~ 
able is not the fact that we have to act on inadequate knowledge, but 
that philosophers put up sad limitation as the road to or substance of 
the truth. To say that where we can't get the full truth, we should 
believe that which we know isn't true, is a perversion or corruption 
of human intelligence against which genuine science is a protest. "We 
live forwards and we think backwards," said the Danish philosopher, 
Kierkegaard. We are born into the world before we think, and it takes 
some time before we learn to do so, but meanwhile we want to live. So 
what you say is perfectly true, the government has to live. The streets 
have to be kept clean. Certain individuals have to be prevented from 
indulging natural instincts for mischief. All of these things have to 
be done, and those scientists who think they can solve all problems be- 
fore we have to act are over-optimistic. 


DR. BLAISDELL: You made a statement just now Professor Cohen, 
which to me at least would open up a whole new field of discussion, when 
you say that science satisfies primarily an intellectual interest; but 
Since the clock says that it is within two minutes of 10:30, I think we 
must forego a discussion of that. We appreciate very much your coming, 
Dr. Cohen. 
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Lecture V 
THE HISTORY OF SC TENCE AND ITS PLACE IN CONTEMPORARY CIVILIZATION 


BY Henry Ee. Sigerist 
Director of the Institute of the History of Medicine 
‘The Johns Hopkins University 


In the auditorium, 4th April 1939 
I 


I should like to begin by raising the question of why we study 
the history of sciences Why do we undertake the tremendous labor of 
digging out historical sources, of interpreting them, and of recreat— 
ing the past in writing history? I think we do it primarily for two 
reasonse One is that we should have a very inadequate picture of for- 
mer civilizations if we omitted science from it. A survey made by 
Professor Lingelbach of the University of Pennsylvania revealed that 
the majority of our history textbooks hardly mention science and 
utterly fail to appreciate the tromendous part played by science in 
the devclopment of civilization. 


On the other hand, we study the history of sciencc, and history 
at large, in order to understand better the world in which we live. 
Every situation that we are facing is the result of historical develop- 
ments, and unless we are aware of them we cannot act intelligently. 
History is and always will be the great teacher of life. I like to 
compare ne work of the historian to that of the psychiatrist. In 
examining a patient the psychiatrist endeavors to make unconscious 
complexes -- often the result of prewious forgotten expericnees -- 
conscious, so that the patient may face them openly and overcome them 
rationally. - In the same way the historian, by onalyzing developments 
tries to make unconscious trends that are influencing society con- 
scious so that we may become aware of them and act rationally. The 
study of history is not a luxury but a necessity because history is a 
strong determining force in our life. 


The history of science has been sadly neglected in the past. 
This is due, to a certain extent, to the difficulty of the subject. 
No man can have historical training and at the same time be equally 
at home in mathomatics, physics, chemistry, biology, and other fields 
of science. Investigations in the history of science often require 
the cooperation of various experts, and this is why a research insti- 
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tute for the history of science is badly needed. Such an institute 
would not only advance research tremendously, but it would be able 
to make a most valuable contribution to education. It could bring 
history to the scientist and science to the historian, and could 
prepare a generation of teachers of history and of science who could 
approach their subjects from a much broader angle. Everybody 

agrccs that the gap between the humanitios and scicnco should be 
bridgcd. If the scientist is to be morc than a tochnician and is to 
play an activo part in the life of society, he must by necessity 
have a broader background, ond the tcaching of the historian will 
never be forecful unless he is aware of the part pleaycd by scicncc. 


Most textbooks of the history of science are unsatisfactory 
since they are written from ae rather narrow point of view. There 
are still historians who view the history of science as the free 
play of personalities of genius, The bio-bibliographical approach 
still dominates in most of our textbooks. Sometimes an attempt is 
made to trace the history of definite ideas or to picture. the gen- 
eral cultural and philosophic background of a scicntific pcriod, 
but hardly ever is an effort made to dig decper so as to uncover 
the roots of the phcnomena. Nobody will deny the part played in 
the history of science by men like Galileo, Newton, or Leibnitz. 
History is made by human beings but men do not live alone. They 
are members of societies through which they are conditioned. I am 
convinced that there have been potential men of genius at all times 
and in every country. It was not divine providcnee that created 
them; the cconomic and social conditions of the socicty in which 
they Lived detcrmined whcthcr they could devclop their genius and 
in what dircction they would apply it. 


Il 


The subjcct that has beon assigned to me is extremely vast, 
and I thercfore have to restrict myscolf to the discussion of sanc 
principles and more particularly to thc rclation bctwocn scionce 
and democracy. 


There is «. conncction between the rise of democracy and the 
growth of sciences. Both democracy and science ‘are the result of 
definite economic and social developments. It is impossible to es- 
tablish a simple causal relationship botween democracy and science 
and to state that democratic society alone can furnish the soil 
suited for the development of science. It cannot be a more coin- 
cidencc, however, thet scicnee actually has flourished in demo-_ 
cratic periods. 
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There can bé:no doubt, for cxample, that scienco thrived in 
the Greck city-domocracics where it. was cultivated by men who, like 
Plato, were nevertheless strongly opposed to the democratic form of 
government, or who, like Aristotle, accepted it very reluctantly. 

And again science flourished, more than ever before, in the great 
democraiic period that followed the French Revolution, during the 
ninctecnth century. Greck scicncc, howevcr,:reachcd its peak in 
Alexandria at the court-of the Ptolomys. .A great scientific devclop- 
mcnt took place in the sixtccnth, scventconth ,and cightecnth centurics 
and was by no mcans limited to England and Holland. During the nine- 
teenth century science was cultivated just as much in impcrial 
Gcrmany as it was in democratic France or England. And great sci- 
entists were found even in the stronghold of oe ee Tsarist 
Russia.’ 


The same basi¢ forces a to. the: rise of democracy and. of , 
geienves: afk peters pemeatscaly abasua ts Ne make this evident. 


erasers doi pienoven eee discussed by the Greek. phases. 
phers, was not more than an episode in the aicient world. The 
Athenian state undoubtedly realized many democratic postulates, but 
it was a democrecy of the frec citizens only, while the majority of 
the population consisted ofslaves. .It brokc down in the fourth 
ecntury end never again was democracy fully cffoctive in the ancicnt 
world, not even in rcpublican Rome. 


The chief incentive to scientific research was given by the > 
fact that the Greeks were a seafaring nation. Navigation requires 
astronomical knowledge which in turn calls for mathematics. I know 
that there was what is commonly called "pure" science in Greece also, 
but I think that the distinction between "pure" and applicd science 
is obsolete. Practicc always requires thcory, and thcory leads to 
practical application. Thcoretical and practical considerations 
were more harmoniously combined in tho work of the first Greek sci- 
cntists, the prc-Socratic philosophers. 


The ecntcrs of commerce became the ccnters of scientific re- 
scerch, Alcoxandria,and latcr Rome, the great citics that imported 
naturel products from all over the ancient world and where growing 
material demends herd to he, satisficd. 


The: fact thet ancicnt economy wns slave economy was a handi- 
cap to science. So long as labor was easily available and cheap 
there was no demand for labor-saving machines. Nor was there any 
demand for increased industrial production so long as the majority 
of the population consisted of slaves and poor farmers and only the 
necds of a small upper class had to be met. The principle of the 
stcam cngine was recognized but ncver applicd, and many of the in- 
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genious machines and apparatus of Hero of Alexandria remained on 
paper as there was no economic need for them. 


In the feudal world of the Middle Ages the form of produc- 
tion and the structure of socisty wore almost static. Man was born 
into a status which detcrmined his way of living. The tenant farmer 
delivered part of his crop to his lord in exchange for the protec- 
tion ho received or was supposed to receive, from the termsof a con- 
tract, The artisan in the city produced goods according to strict 
regulations issued by the guilds, powerful organizations whose func- 
tion it was to transmit a dcofinite body of skills, to preserve stand 
ards of quality, and to climinate compstition. 


Similar vicws dominated the institutions of loarning. The 
medical faculty of « university was to ao cortain cxtcnt the physi- 
cians’ guild. Like the craftsmon'ts guild it transmitted a body of 
knowledgc, kept trnditions pure, reguleted conditions of practice and 
climinated compctition. It is obvious that inecntive to scicntific 
research was small in such a static socicty to which the idec of prog- 
ress was foreign. 


And yet in spite of all, some progress was made in the field of 
technology. The different conditions of climate and soil north of the 
Alps called for improved agricultural methods, and the fact that me- 
dieval economy was not a slave economy led to a better utulization of 
snimeal, water, and wind power. 


IIt 


Conditions changed radically toward the end of the Middle Ages 
when feudalism began to disintegrate. The volume of trade increased 
and created a greet demand for gold as a medium of exchange. Voyages 
of discovery were started to seek for the much coveted gold. The dis- 
covery of the world, of new continents unknown to the Greeks, of new 
races of mankind, new species of amimals and plants, became a great 
experience and a most powerful stimulus to science. 


. Problems of navigation wcre acute once more and becamo a chale 
lenge to scientists. The long-distance voyage rcquircd larger and 
faster ships and improved methods of orientation. The waterways were 
the chief highways of traffic. The journey from Constantinople to 
Venice was three times longer by land than by sea, and while the two- 

wheeled ox-cart could not carry more than two tons of goods, the 
average-sized ship transported more than six hundred tons. When we 
study the work of the physicists of the sixteenth and seventeenth cen- 
turies, we soon find that practical problems of navigation played a 
very important part in their studies. j 
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While navigation developed, firearms were incrcasingly used 
in warfare and the demand for copper and lead grew. Shallow de- 
posits were exhausted, and it became necessary to dig deeper, which 
required more e¢laborate machinery and increased the dangers of min- 
ing. It is not by accident that the first monographs on occupational 
discascs were written in the sixtecnth century. The development of 
artillcry raiscd problems of ballistics which again demanded solu- 
tion by physicists. 


A new cconomic order began to devclop which called for free 
initiative and free competition and challenged the individual in 
mon. A new relationship between employer and worker was gradually 
established. Capitalism could not devclop in the rigid atmosphere 
of the Middle Ages. The traditional authorities were fought. The 
church was opposed and was "reformed." <A new political philosophy 
arose: the philosophy of liberalism. The scientific authorities 
such as Aristotle, Galen,and Avicenna were violently opposed, and 
as most universities preserved their medieval character until the 
eightccnth century, clinging helplcssly to antiquated traditions, 
academics wore founded and becamc the really active centers of sci- 
entific rescarch. 


For three ccnturics tho battle between feudalism and capital- 
ism went on. On onc side stood a landcd aristocracy and its parasites, 
fighting to retain its inherited privileges but losing them one oftecr 
another. It was aided by the church, which since the early Middle 
Ages had become onc of the creat property owners. On the other side 
was a rising middle class, open-minded, progressive, fighting for 
political equality, producing great scientists, applying their dis- 
coveries in industry and trading commoditics on an ever-increasing 
scole. By the end of the seventcenth century the merchant class had 
om influential position in the British Parlioment, and after 1715, 
mombers of the third cstete in France wore permitted to acquire land 
of the nobility. 


Through the industrial revolution the middle class won its 
economic ,and through the great French Revolution;sits political 
battle against feudalism. In the nineteenth century the bourgeoisie 
was in power in many countries, and where it did not actually control 
the state its economic power was nevertheless so great that the state 
had to follow its lead. The capitalist system of production could 
now play freely. It required science; and democracy appeared as the 
ideal form of government so long as it could be controlled by the 


bourgeoisic. 
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We can now discuss what the results of these developments have 
been and what place science occupies in a democratic society like 
ours. 


There can be no doubt that the general standard of living has 
been raised considerably. Life has become safer and more comfort- 
able. Technology has produced an infinity of most enjoyable gadgets. 
Scicnee is worshipped. Whoever has to sell a.ncw toothpaste, break- 
fast cereal, or patent modicine, advertiscs it as boing scicntific, 
and this is considered as the highest recommendation. A man like 
Einstcin is highly cstcemed, although most people have not the faint- 
cst idca what his contributions have beon.. He is worshipped neverthe- 
less in an almost mystical way as a symbol of science. 


And yet as soon as we take the trouble to look under the sur- 
face, we must admit that science actually plays an inadequate role in 
our society. Our capitalist system of production, the basis of our 
social life, a system that produces commodities chaotically, in fits, 
and leads to periodic depressions, is anything but scientific. 


Industry applies scientific principles in production but by no 
means freely or rationally. The chief responsibility of thc indus- 
trialist. is not towards society but towards thc stockholders, and a 
new invention that may benefit socicty but will not bo profitable to 
the undertaking is suppressed without hesitation. 


Docs our govornment act scientifically? Ccrtainly not. Science 
is not an intcgrel part of government activities. The statesman as a 
rule knows nothing about science, just as the average scientist is a 
perfect child in matters of economics and politics. Every government 
of an industrial commonwealth has to consult scientists, and hundreds 
of scientists are in the government service as expert advisers. Poli- 
cies, however, arc mostly tho result of acampromisc. Whenever the 
government attempts to solvc a problem scicntifically it comes into 
conflict with the vested interests of a small but powerful group of 
the population. And by thc time a compromise has been reached the solu- 
tion is no longer scientific. 


Your Department teaches the farmer how to increase the fertility 
of the soil, and how to produce larger and better crops, but you cannot 
teach them how to sell their products and you cannot prevent having a 
million farm families on relief. You have produced a Food and Drug Bill 
which was scientifically conceived and would have remedied an untenable 
situation, but immediately you came into conflict with vested interests, 
and as a result the Bill has been so utterly omasculated that it does 
not scrvo the purpose any longcr. 
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Forcign’ policy is still loss scientific. Under capitalism 
it is impossible to make thc sources of raw-material availablic’and 
to open the markcts in a rationel and scicntific way, just as it 
is impossible to proserve peace under a system thet neccssarily 
leads to imperialism. Foreign policy, therefore, is a mixture of 
bluff, violence, and compromise. : « 


Vv 


Only democracy, we hear, can guarantee. freedom of scienti- 
fic research and can protect science against interference by out- 
side powers. Is science actually froe in our society? The sci- 
_.cntist in order to make a living has to sell his labor power to 
some institution or undertaking. In this country there are fortu- 
natcly many academic institutions in which the scientist has the 
frecdom to solcct the subject of his researches and t@ publish and 
teach what he considers the truth. Supprcossion of academic frcee- 
dom is less likely to occur in the natural than in the social 
scicnees. The scicntist, however, is not frec in many public 
schools. There are still regions in which the thcory of evolu- 
tion may not be taught and whcre textbooks must be written in such 
a way that they will not offend the religious feclings of certain 
people. 


The scicntist who works in industrial undertakings naturally 
must give up much of his freedom and, as we mentioned before, con- 
stantly runs the risk of secing thc results of his labor suppressed 
for economic recsons. 


In other words: science today has infinitcly more to give 
than socicty actually reccives. 


It seoms that the scientists arc gradually awakening and 
becoming avare of the part thcy could and should play in social 
affairs. This became evident in the last two mectings of the Ameri- 
can Association for the Advancement of Science. 


An appeal has been made particularly to the scientifically 
trained youth of the country to cooperate in the solution of 
social problems. This is a direct challenge to those of us who as 
teachers of scientific subjects are responsible for the younger 
generation. And here we are touching upon a sore spot in our edu- 


cational system. 


Science, from the elementary school to high school and 
college, is taught in a more or less dogmatic way. The student 
docs not feel himsclf stirred or challenged. His intellectual 
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curiosity is not sufficiently aroused and science is not presented 
to him in its cultural setting. A body of generally accepted 
knowledge, simplified and carefully digested, is transmitted to the 
student who accepts it as a matter of course. 


Our graduato teaching of science trains specialists, highly 
efficicnt specialists who, however, are totally uncducated outside 
of their narrow field and therefore utterly unprepared to take any 
part in social action. If the German academic world surrendered so 
readily to reactionary forces, it was largely due to the fact that 
it consisted of men who wore specialists and nothing clse. 


If wo wish to educate a citizen able to think in terms of 
scicnee, and a scicntist prcpared to participate in social action, 
we must change our mothods of teaching. Once, and in my opinion the 
most promising way, is to approach the sciences not only techni- 
cally but historically, philosophically, and sociologically. 
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SEMINAR 
following the lecture by Dr. Sigerist 
Office of the Under Secretary 


Wednesday morning at 9 otclock 
Sth April 1939 


Syllabus 


How can the study of the history of science be pursued? 


The circulation of the blood was not discovered until 
people began to think in quantitative terms; p. 123. 


Science and democracy spring from the same underlying 
force, though they are not always found together. Pp. 124; 
131-132. 

We are not profiting by all that science is capable of 
doing for humanity. Pp. 124-126; 128-129; also section IV 
of the lecture. 


Medical care in Russia; pp. 127-128. 


In a democracy the individual is the supreme end; pp. 127- 
L2a95 


Are there laws of history? P. 131. 


oe ee oe ot ee oe oe 
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Proceedings of the scminar 


DR. DEMING: I cannot reflect on this series of lectures 
and conferences without realizing how disappointing it must be 
to the Under Sccretary that by the irony of fate sickness should 
again deprive him of the privilege of being present, after he 
had devoted so much thought and cnergy in planning the arrange- 
ments. He is bearing his misfortune patiently. I might explain 
too that Dr. Blaisdell also is not here this morning, having been 
called away for about two weeks. 


Dre Sigerist, this seminar is a conference at which we 
hope to get different points of view from one another. This is 
hardly a place for argument, but rather on opportunity to provoke 
thoughts on the topics that you opened up in your superb lecture 
last 6vening. We have a feeling that disagreements, if any occur, 
might be ironed out in timc, but we don’t try to convince each 
other in the space of one conference; rather we try to catch 
glimpses of each other's views so that we may heve something to 
think about. 


You madé the important statement last night that in order 
to get a perspective of any social or political trend it is neces- 
sary to investigate the history back of it, and that a study of 
the history of science of ony period is necessary if one hopes to 
ect a clear view of the story of that period. Ons of our previous 
speckers also mentioned thot scientists arc usually not students 
of the history of sciencc.* For one thing, it is necessary to read 
in languages thet are no longer ordinary--you yourself have 
found it necessary to learn fourteen different langucges--and 
this brings up the question of how the interests of scientists can 
be directed toward the history of sciencé. Should a reasonable 
fraction of the efforts of scientists be so directed; if so, what 
do you consider the best way to go into the study of the history 
of science and what is the best way to make it interesting? You 
made the statement yesterday that the study of the history of sci-~ 
ence is very difficult. Of course some students who are attending 
academic institutions have the privilege of attending lectures by 
eminent scholars (I am thinking of how fortunate your own students 
are) but such opportunities can be enjoyed only by a few. Even 
here in Washington where we have access to same of the world's best 
libraries it is not an easy matter; rare books must be chased down, 
begged, and borrowed, and compared. It is no wonder that many scien- 
tists are not well vérsed in the history of science. In my own 
case I have found it desirable to look at som of the developments 
of mathematicians fron the 17th century up to the present sincc I 
have become convinced that the development of many topics in their 
historical approach is the most easily grasped by the mind, sither 


* Prof. Cohen, Lecture IV, p. 80. 
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for teaching or one's individual study. Do you think that the same 
can be said of other scientists and will you tell us how studies 
in the history of science should be attempted by people who must 
devote the major portion of their efforts to the prosecution of 
their project in the present? F 


DR. SIGERIST: There can be no doubt that the historical 
approach to problems of science has great educational value. The 
best way to make a complicated subject clear to students is to 
trace its development. As a young student, I was a very poor math- 
enatician, and I never ‘made any progress before I began to study 
the history of mathematics. Then, all of a sudden, complicated 
subjects became clear. For many years I gave introductory courses 
to young medical students in which I endeavored to teach them the 
elements of medicine. I soon found out that the best way to -éx- 
plain to them our present concept of disease was to tell them what 
possibilities there are of approaching the problem of disease and 
what different concepts had been evolved in the course of time. 


History must be studied from historical sources, and whoever 
wants to become familiar with the history of science must first of 
all read historical scientific texts. As it is impossible to master 
all languages, it is very important to have the chief classical 
texts of science easily available in modern reprints and translations. 
In Germany, Ostwald founded a series that contains many hundreds of 
classical texts. George Sarton has also reprinted a number of such 
texts in Isis. In the field of medical science the Bulletin of the 
History of Medicinc that I am cditing publishes reprints and transla- 
tions’. of important texts which can be purchased separately. Eight 
numbers have already becn made available, and every year we publish 
threc or four items. Another series of medical classics with biogra- 
phical introductions and bibliographies is edited by Dr. Emcrson 
Crosby Kelly (Williams and Wilkins). 


In regard to texts, George Sarton's Introduction to the History 
of Science is the most important such guidc, mt in three big volumes 
it has not progressed further than the Middle Ages, and many more 
years will be required to complete this great undertaking. Most text- 
books of the history of science are unsatisfactory because the bio- 
and bibliographical approach is still dominating in them. Most of 
them fail to emphasize the unity of civilization. Science is but once 
aspect of general civilization ond reveals the same trends that are 
also observed in art, philosophy, religion, cand all other menifesta- 
tions of culture. Williom Harvey, the discoverer of the circulation 
of the blood, made anatamy an "anatomia animata." Static anatomy be- 
came dynamic anatany or physiology in his hands; and he reflects the 
some trend that is observed in the work of Gclileo who introduced dy- 
namics into physics; or in the work of Michelangelo who in his later 
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creations initiated a new style in art which is characterized by its 
dynamic outlook--the art of the baroque. 


The textbooks of the history of medicine all follow a pattern 
that was established in the 18th century, md according to which the 
history of medicine is pictured as the history of great physicias 
and their books, or the history of schools and other institutions. 


Now suppose you have a definite problem, you would like to 
know what were the conditions in France in the 18th century or 
what kind of medical service did the artisan*g family get in the 
17th century or what kind of medical service uid slaves get in 
antiquity? It is difficult to find explicit answers to any of 
these questions. So I am approaching the subject from an entirely 
different angle than from a sociological angle. The purpose that 
I am trying to bring out in the books that I em writing is to 
trace the history of the various ereat civilizations, beginning 
with the ancient Orient, the Egyptians and ancient Babylonians. 

Of course, the first chapters will be introductory, on early medi- 
cine, the survival of primitive medicine. Primitive medicine never 
dies. All its ideas are still to be found in popular beliefs. 
Then it appears in Greece, Rome, the Middle Ages, amd so on, but I 
want to study the history of the various civilizations in their 
sociological structure, in their economic set-up. I want to treat 
the question of how they produced their food and commodities; the 
major health problems in the period; what was done to meet them - 
in cures and prevention. Who were the actors, who were the lead- 
ing men in this fight against disease and what did they think, 
whet ideas were determining their actions? 


I am just reversing the picture by 180 degrees. Instead 
of picturing it from the point of view of the doctor, I am doing 
it from the point of vicw of society. Such a book will at the 
same time be a history of medical science, a history of the pro- 
fession, a history of hygienc and public health, a history of dis- 
ease, and I think it will give a much trucr picture than we had 
before. It is very difficult because we have to start from 
scratch. Hardly anything has been done, and yet I think it is very 
important. 


In the history of science, the situation is about the same. 
I don't think anybody has attanpted to write a similar book. In 
my first four volumcs, I want to trace the development from the 
carly bcginnings down to the presaht days andthen give a cross 
section of medicine and its social implications all over the world, 
the social problems, what the problems are and what is being done 
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to meet them in the different countries. Here I will be able te 
discuss questions of public health, medical help, socialized mefli- 
cine, health insurance, state services, and so en, because at the 
present time all over the world a great deal of experimenting is 
being done. I am making it a large book because it is new and I 
felt that a new attempt should not be compressed in a short volume. 
It should give you the, entire material in literature and footnotes, 
full biographies, maps, charts, and important illustrations so that 
through research you would be able to continue the werk. That is 
why I am making it a comprehensive book. Later, if it is success- 
ful, it can be condensed and popularized. But first I would like 
to make it a scholarly presentation. My feeling is that whoever 
studies such a book will then get a much clearer understanding 
of what our present problems are. Because, after all, the situa- 
tion tnat we are facing today is the result of historical de- 
velopments. If we are aware of them we can act much more intelli- 
gently. 


MR. BEAN: Dr. Sigerist, I should like to ask a question for 
information. You referred to Harvey's discovery. It seems to me I 
read some years ago that the knowledge about the circulation of the 
blood existed in India, about 500 B.C. or thereabouts. Is that a 
fact? 


DR. SIGERIST: These are vague guesses,only. There is no 
foundation at all to this. I looked up the material once. What is 
true is that an Arabic physician in the 13th century discovered 
the pulmonary circulation. Again you see that all these people did 
not think in quantitative terms. They said that seme blood went 
from the heart to the lungs and back to the heart, but they didn't 
say it was the whole of the bleod. If they had thought in quantitative 
terms they would have discovered the other circulation as well, be- 
cause after it leaves the heart and goes through the lungs, what 
happens to it then? 


There is a great difference between the ancient theory and 
the theory frem the 17th century on. The ancient theory is descrip- 
tive and qualitative. Frem the 17th century on, peeple began to 
think in terms of quantity, to take a realistic approach and think 
in terms of matomy. 


DR. McCALL: Dr. Sigerist, I was impressed last night when you 
gave the view that a democracy was more favorable than any other form 
of society for the develepment of science. That stood out in contrast 
to the fact that nearly all my professors in chemistry and physics 
and mathematics--that would be a generation ahead of me--had 
finished their final degree in Germany; and certainly, whether we have 
surpassed them now, there was a period when Germany was outstanding 
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in the,fields of the quantitative sciences. Hew do you reconcile 
these apparent discrepancies? 


DR. SIGERIST: I didn't mean that science can flourish only 
in a democracy. I said that when we look at history we find that 
science has flourished in democratic periods. This was just one 
of my theses, but the development of science and the development 
of democracy are the results of the same forces.* Actually in the 
19th century science was a development of capitalism. That was a 
strong stimulus to science and at the same time it led to the rise 
of the middle class and the establishment of democracy. I studied 
in Munéch just before the war, and it wasn't full fledged democracy 
but still it was very much democratic. In the middie of the cen- 
tury (1848) one of the great leaders in science, Virchow, a liberal 
politician, published a journal for medical reform, He was a mem- 
ber of Parliament all his life as a liberal. They had a flourish- 
ing democratic party. They had very flourishing trade unions. 
Well, after all, there was an emperor there but you couldn't call 
it an autocracy at all. 


DR. BRANDES: Wasn't Germany at that time really the heart 
of democracy with a small aristocracy sitting on the rim? 


DR. SIGERIST; Yes, definitely. In the 40's there was a 
very strong democratic movement which brought down the revolution 
in 1845. But when you read the enormous literature published in 
these years, 1846-7-8, you see there was a tremendous democratic 
movement, which was Fone aie ak in different countries, East Prussia 
was an autocracy with a landed aristocracy. They had génerals in 
the army. If you went to Luxemburg and Frankfurt, you found just 
as much democracy as in any other country. 


DR. SEEGER: You know where the universitics were, they were 
not in Prussia. 


DR, SIGERIS?: Naturally the peéople snjoyed enormous free=- 
dom in the German universities. The monarchy was PRONE of its 
universities and supported them very much. 


DR. BRANDES: Dr. Sigerist, you commented last night on the 
fact that it was well known that certain companies had purchased 
patents in order to suppress them.** I don't knov that I follewed 
the implication of that, but I suppose it meant we are denicd cer- 
tain advantages. 


DR. SIGERIST: Definitely. And I suppose that is true in 
every industry. 


* Section II of Dr. Sigeristts lecture. 
** Section IV of Dr. Sigerist's lecture. The reader will be in- 
terested in Mr. Osborn's remarks on the other side of this sub- 
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DR. BRANDES: Then it must be that in other countries the 
same thing goes on to a greater extent than it does here, because 
I have had the experience at times of trying to telephone people 
in England, Germany, and France. 


DR. SIGERIST: I would say ours is by far the best. I agree 
with you that when you wish to call saneone by telephone in Paris 
it is better to call up a station outside of France to give you the 
station in Paris than to try to do it directly. But even here we 
could do it still better. 


A collegues of minc, a professor of anatomy in Leipzig, 
Spaltcholz, made studies of the skin. He described a beautiful 
preparation to makc the skin transparent by injection into the 
blood vessels. You find this in almost every muscum. He worked 
for ycers on this method to make the skin transparent. In making 
these studies he found a method to harden the skin so that he 
could make shoe soles that would last a lifctime. He patented it 
with no intention of making moncy, amd a firm bought it from hin. 
He wasn't interested in the matter directly. They bought it frm 
him for very little money in order to suppress it, because there 
would really be a catastrophe if a shoe sole would last a lifetime. 
Such inventions are made all the time. Socicty does not benefit 
by them becouse it would harm other interests. 


DR. SEEGER: Dr. Sigcrist, along that same lines you were 
mentioning last evening the infinite possibilitics of science today 
and the limited extent that we can enjoy them. You started out to 
make a suggestion on a method by which socicty might reap thesc bene- 
fits. I wonder if you want to go on and tell us what we can do 
about it. 


DR. SIGERIST: That is a very difficult problem. Whenever 
you attack the problem you come to the one barricr that makes it 
difficult for us to apply our knowledgs, which is ow cxisting 
social economic system. You sec. it in agriculture probably better 
than anybody else. You know what can be done. And then you get to 
that barrier and there you are. You can produce the products but 
you can't sell them, at least not regularly, am it is the same 
everywnere. 


Now, if I might say a few words, I spent three summers in 
Russia just because I was interested in these questions, the appli- 
cation of science. I made a very thorough study of Russia. My 
chicf aim there was to study the public health system, but as that 
is just one aspect of the country, I had to make a study of the 
whole structure of the nation. I spent first of all six years 
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studying it. I learned Russian in order to read the publications. 
Then I studied all the literature I could find on the whole social 
and economic structure of the country, the way the state operates. 
Then I went three times there, in 1935, 1936, and last. year again 

in 1938. I intend to go back about every two or three years be- 
cause things change very rapidly. It is a dynamic process. If 

you go there once you get a snapshot, the way it is in a certain 
year. If you go back repeatedly, you see the changes and the trends. 


We as scientists who are interested in social science cannot 
ignore the experiment that is carried on by one-sixth of the in- 
habited earth. We still call it an experiment just as the English 
for about a century spoke of the American experiment. What inter- 
ested me there was to see the place of science in life in that 
section of the country. What impressed me most was that for the 
first time in history an attempt is being made to run a country 
along scientific limes. Whether that suceeeds or not we shall see. 
-I personally believe that it will succeed because I believe in the 
possibilities of science. The way it is done--to put it ina 
very few words--what makes it so interesting to work there is 
that whatever you see you understand. It makes sense. 


I remember my first year. I had been there for four months 
and then went back to Switzerland to my family. At the Swiss 
border I bought a number of newspapers to find out what was happen- 
ing in Switzerland. The first thing I read was that the Swiss agri- 
culture was menaced by a great catastrophe, because in the summer 
the weather had been so good that there was going to be a record 
wine crop. Therefore the federal government was urged to appropriate 
100 million francs to support these poor farmers who were so severely 
tried. JI read this, It didn't make sense to me. I didn't under- 
stand it. I got another newspaper and read another record about 
the remarkable wine crop. I had the impression that someone was 
crazy, either I or the other fellow. 


For several weeks I lived in a world that I didn't understand. 
I saw my old friends and we discussed matters but we didn't under- 
stand each other. They told me of new inventions that were going 
to decrease employment. We were speaking different languages until 
after a while I found my way back to my old world. But in Russia it 
was all so different. A good crop means more food and more wealth 
to everybody, and so on. Now why is it? It is because actually 
there for the first time an attempt is made to apply science one 
hundred percent, as much as it can be done, by having first of all 
redistribution of administrative districts of the country. 


DR. BRANDES: JI think that is a point we ought to keep promi- 
nently in mind. I suppose most Americans, or some Americans, are 
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interested in this vast experiment because of the idea that some 
part of it.might find application in this country, but do you 
think that conditions are sufficiently similar in the United States 
and in Russia? 


DR. SIGERIST: Of course, conditions are so different that 
many things could not be applied,. naturally. Every government 
Department is doing some planning; that is what the Russians are 
doing, but on a nation-wide scale. We cannot do it in an all-inclu- 
sive way, but a great deal can be done through planning. In public 
health I think we can do considerable. I was impressed to find that 
what the Russians are doing is what our committee on medical care 
recommended, to establish health centers and give medical service, 
so that an individual practitioner who hasn't the help and equip- 
ment he needs can go to organized health centres where they have +. 
specialists, public health officers, and hospital facilities, all 
available. That is what the Russians are doing. The national report 
of the committee on medical care recommended just this.* There we 
can see how it works out; it can be done. 


DR. BRANDES: Did the people pay for their medical care at 
all? 


DR. SIGERIST: No, it is entirely free, it is part of the 
socialized wages of a man. 


DR. YOUNGBLOOD: What do you think of the possibility of 
socialized medicine in the United States? It is doing pretty well 
in Russia; how would it work here? 


DR. SIGERIST: We couldn't apply it 100 percent like it is 
there. I have no doubt that sooner or later we are going to get 
here a kind of an intermediate solution, an expansion of public 
service, combined probably with health insurance in those states 
where there are large groups of wage earners. 


DR. BRANDES: In your study of socialized medicine in Russia, 
did you have the opportunity of talking to patients as well as to 
physicians? 


DR. SIGERIST: Many, of course. 


DR. BRANDES: Did there seem to be any indications that 
these low-paid physicians treated their patients in a casual or sum- 
mary fashion? e 


* Publications of the Committee on the Costs of Medical Care (Univer- 
sity of Chicago Press). Summerized in vol. £8 entitled Medical Care 


for the American People (1932). 
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DR. SIGERIST: Those low-paid doctors are the highest paid 
workers in the Union. They rank with the engineers. and with the 
highest paid workers. ‘ 


DR. BRANDES: Nevertheless they are low paid. 
DR. SIGERIST: Well, it is relative. 


DR. YOUNGBLOOD: Would the patient get the consideration, 
would you say, comparable. to that given. by our doctors here? 


DR. SIGERIST: The trouble is this; they are short about 
thirty to forty thousand physicians, and short one hundred and 
fifty thousand nurses, at least. Before the revolution, Russia 
had twenty. thousand doctors. They have increased the number now 
to one hundred and seventy thousand, but they still need about 
fifty thousand more at least. 


DR. YOUNGBLOOD: Is a physician free to practice medicine 
according to science and not through political orders? 


DR. SIGERIST: Of course. The physicians’ union determines 
the policy. ; 


MR. WATSON DAVIS: I just wanted to ask if they were in ac- 
cordance with the ethics of the American Medical Association. 


DR. SIGERIST: I have been asked about this many times. Very 
few doctors in Russia know the code of ethics of the American Medical 
Association. Whenever I ask a colleague if he has seen it, he never 
has. As soon as a doctor is economically independent on his salary, 
all these regulations take care of themselves. 


DR. EZEKIEL: May we go back to your original point regarding 
the lag or perhaps complete lack of introduction of scientific inven- 
tiens into practical use? Regardless of the social and economic 
system, wouldn't the problem of readjusting your new inventions be 
such that there would always be a lag, sometimes a long lag, between 
new inventions and practical application? 


DR. SIGERIST: I suppose so. It depends on what the invention 
is. If it is new, it is a question of whether foe is financially worth 
while or not. 


DR. EZEKIEL: Even if it meant throwing away existing capital 
and substituting fresh capital+--whether that capital is privately 
owned or publicly owned--you still have the economic question of the 
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advisahility of doing it, and the problem of making the adjustment. 


DR. SIGERIST: In Russia, every industry has its research 
institute and sometimes a number of local ones. When they make a 
discovery that seems to be really good, and proves to be so, then 
it can be applied in a nation-wide way ea cee There are no 
patents to prevent it. 


DR. KUNSMAN: Coming back to the suppression of inventions, 
I am wondering whether as a general rule many inventions oome out 
and are applied before we are ready for them. For example, take 
the talking movies. This was presented to the public by demand 
three to five years before the research work was completed. The 
result was noisy amplifiers and all that. It was abominable, but 
the people demanded it. For another example, take high-speed auto- 
mobiles. Are we ready for them, judging from the type of roads 
and accidents? Aren't they promoted before we are ready for them? 


DR. SIGERIST:. Undoubtedly. 


DR. KUNSMAN: If we take inventions as a whole, isn't it just 
about what we might expect? In some cases we are ready for them, 
others are held up for economic reasons at the time or put on before 
the groundwork is finished. 


DR. SIGERIST: Yes, there are probably a good many inventions 
that would benefit mankind and are suppressed for definite reasons. 


DR. SEEGER: Dr. Sigerist, there is one question I am worried 
about. Now we will say Russia is not a democracy, as a matter of 
definition. Then we should expect that the development of science 
would not be as great in Russia as it would, say, in a democracy 
like this ‘country. 


DR. SIGERIST: No, it isn't democracy alone that enhances 
science. Besides, Russia is trying as hard as it possibly can to 
become a democracy. It is a difficult problem over there. When 
you have 182 nationalities of entirely uneven cultural development, 
to turn the whole machinery of state development over to the people, 
to Eskimos and trans-Asiatic nomad tribes, that is not easy; it takes 
some time to become a democracy. 


A very important fact is the underlying philosophy, parti- 
cularly political philosophy. If you have a rational philosophy, 
then you have a much better condition than if you have a mystic philo- 
sophy. In the Middle Ages, or in the Fascist countries, where mysti- 
eal philosophy is underlying, it is difficult, because science is 
after all rational. We see it in the Fascist countries very clearly. 
Of course, America, like Russia, is based on a rational philosophy. 
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The American state in the 18th century of enlightenment, the Russian 
state in this century of Fascism or Naziism, are both rational. In 
both it is the individual that counts. What justifies the state is 
that the state cares for the individual to promote the welfare of 

the individual. In the other countries it is different. There the 
goal of the state is some mystic goal. In Italy it is the reconstruc- 
tion of the Roman Empire, in all its grandeur. In Germany it is a 
superior race to redeem the world. The individual doesn't count. He 
must merge himself into the goal of the state. | 


Now, if they hadn't one very practical consideration, science, 
and medical science particularly, would go to pieces. As one of the 
scientists in Germany said: "The goal of science is to produce arma- 
ments and substitute products that the country cannot have. There 
is no other justification for science."' You see, it is not the wel- 
fare of the individual that counts, it is to reach the mystic, goal 
of the state. When you have such a philosophy, then science has a 
hard stand. Where you have the rationalized philosophy there sci- 
ence will have much better chances. Then, of course, a country like 
this one where the whole economy endeavors to be scientific, science 
will have the best possible chance. 


DR. ENGLUND: How about individual freedom under such a plan? 


DR. .SIGERIST: I think there is one tremendous d4fference: 
In Germany and Italy people will tell you"democracy is rotten and 
ought to be abolished; we need totalitarianism." In Russia they al- 
ways apologize for whatever dictatorship they have. They say, "Yes, 
we still have dictatorships. We still limit civic liberty. We are 
sorry for it and we hate it but we can't afferd yet not. to do it." 
I think that after all there is a basic difference in attitude. 
When you see the changes from year to year as I observe them, you 
see an honest endeavor to come closer to the democratic goal as soon 
as possible. What the Russians always told me was that you in America 
have had democracy for 150 years' time and yet your Indians have no 
civic rights, there are negro sections in the country where they have 
little or no civic rights. It is not a democracy. In 150 years you 
have not been able to do it; how can you expect us to do it in 20 
years with our Eskimos and nomads and these 182 races. I think there 
is something to it. Cf course the underlying theory is all for democ- 
racy. They say the ideal democracy is possible only where money does 
not give political power. Now, of course, whether twenty years is a 
long period of. time or not, we have to find out. 


MR. BEAN: JI want to go back to a little different kind of 
problem. You emphasized the importance of understanding and know- 
ing history as an aid to understanding the present. Would you go 
so far as to say that a thorough understanding of history and the 
present is of any use in anticipating the futher? 
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DR. SIGERIST: It is always difficult to be a prophet; the 
subject is so complex, so much more complex than in a science where 
you have a smaller number of factors to consider. When you make a 
scientific experiment you have a number of factors. But in history 
there are so many more factors that come in that it is difficult to 
make predictions, yet I think, particularly in the Marxian school, 
they made predictions a hundred years ago that are amazingly true. 


DR. SEEGER: Are there laws of history? 


DR. SIGHRIST: Well, yes, there are, to a certain extent I 
think. They are not quite so clear-cut as the scientific laws 
but there are certain laws you can expect. One would be that, 
for instance, when people are hungry there is a tendency for them 
to complain, and be ready to fight, which means a great deal in 
history, of course. 


DR. THONE: Could we say there probably are some rather 
definite laws but we don't know them yet? 


DR. SIGERIST: Yes. 


DR. DEMING: Dr. Sigerist, yesterday you talked about science 
and democracy being actuated by the same forces, not that science 
thrives in a democracy but rather that they spring from the same 
roots.* In view of the discussions that we have had here previously, 
and in view of some of the questions that have been asked this morn- 
ing, I think it would be well if you. would repeat what you said, or 
clarify it a bit before we close. 


DR. SIGERIST: I was thinking particularly of=thler» the 
coincidence of the great scientific development with the development 
of democracy in the 19th century is, in my opinion, largely due to 
the development of the capitalist system of production by the middle 
class. This rising and developing middle class trying to apply the 
new system of production led to the development of democracy, the over- 
throw of feudalism, and at the same time created a tremendous develop- 
ment of science, because developing industries needed science. Whether 
it will be so in the future, I don't know. 


DR. YOUNGBLOOD; Alexander the Great gave great freedom of 
thought and action to his scientists, didn't he? 


DR. SIGERIST: Yes, surely. That is how an enlightened 
monarch or an enlightened despot of any kind may promote science 
tremendously. In the court of the Ptolemys at Alexandria science 


-* Of. Section II of Dr. Sigerist's lecture; also p. 124 of this seminar. 
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was supported’by the kings and the royal families as never before 

in ancient history. Peter the-Great did it- in Russia. This was a 
barbaric court, yet he established the Academy of Science that has 
existed ever since and has done great things. 


. DR. YOUNGBLOOD: Of course democracy doesn't guarantee all 
the truth; it is like telling children the truth. Custom and tra- 
dition stops us short of the facts, like Tennessee when they voted 
the Scopes bill. There is growth in freedom. 


DR. SIGERIST: Of course. You couldn't ‘teach evolution in 
certain states. There you have it. It is a democracy but sometimes 
it is a nuisance to science. 


DR. SEEGER: Do you believe then that the greet growth of sci- 
ence through Galileo and Harvey and the rest of them was an outgrowth 
of the economic conditions at that time? 


DR. SIGERIST: Yes. 


DR. SEEGER: It always seemed to me another factor very vital 
was downright curiosity.* The Greeks who were seafaring were curious 
and it was that same curiosity that gave rise to science. 


DR. SIGERIST: Yes. The discovery of the world makes people 
curious to know more. But then, of course, the fact that the Greeks 
were seafaring is an economic factor. They were a nation of merchants. 
That is why they were seafaring. 


DR. DEMING: I am afraid we have to stop here. We have reached 
the hour of closing. 


* The reader may recall the discussion on this point in the first 
seminar, pp. 2-4, 14-17, 23. 


P 


“6 NAL 
| 


To) 
a 
Ten Lectures and Discussions on <2 
SCIENCE: Its History, Philosophy, 
and Relation to Democracy 
held at the Department of 
Agriculture Graduate School 
under the chairmanship of 
Me Le Wilson 
Under Secretary of Agriculture 
Edited by We Edwards Deming 
Assistant Director of the Graduate School 
% 
aT 
Mucky Dias 
Fe Ce SS) a ae ia Bry, fi ag NS 
¥ i “, Ly, ig, ‘ ‘ 
‘i Una 5a *\ 
Lecture VI Net. Ho! 
cture No ae 475 
Sty, : 


Bp 
Sn A Gmc RE 


TO WHAT EXTENT IS A SCIENCE OF MAN POSSIBLE? 
by 
Frederick Osborn 


Research Associate in Anthropology 
American Museum of Natural History 


The Graduate School 
The Department of Agriculture 


Washington 
1939 





: ance | 
ebay st ot notteses bow 


Ls 


footw wsnabon! ait ‘te 





- 133 - 


TO WHAT EXTENT IS A SCIENCE OF MAN FOSSIBLE? 
by 


Frederick Osborn 
Research Associate in Anthropology 
American Museum of Natural History 


In the e@uditorium 


In introducing the speaker, Under Secretary Wilson said, "Thus 
far, our speakers in this series have been chosen from the fields of 
biology, physical science, mathematics, and philosophy. Our subject 
this afternoon is 'To what extent is a science of man possible?’ and 
our speaker, Mr. Frederick Osborn, is a Research Associate in Anthro- 
pology at the American Museum of Natural History in New York. Fora 
number of years he has been actively engaged in research relating to 
human genetics and population problems. His address ‘Science and. 
Society', which was delivered at the Indianapolis meeting of the Amer- 
ican Association for the Advancement of Science (December 30, 1937) 
received widespread favorable comment, and we are very happy to have 
Mr. Osborn with us this afternoon." 


Knowledge of man has been growing slowly over thousands of 
years. But a science of man is something new under the sun. For 
though science is knowledge, it is a special kind of knowledge. It 
is obtained by scientific methods, usually involving a collaboration 
between theory and experiment. Most science is based on the quanti-. 
tative analysis of measured phenomena. It. differs from other knowledge 
chiefly in its quality of being demonstrable. An experiment to have 
scientific value must be one that can be repeated. Scientific phe- 
momena can be measured and recorded over and over again, or related by 
theory to other phenomena that can be repeated. New knowledge of this 
sort becomes generally accepted when it has been checked over by a 
sufficient number of people. The older type of knowledge which is 
derived from personal observations and the conclusions of authorities 
is harder to check up on, is more subject to personal bias and the 
mental fashions prevailing at any given time. Scientific knowledge, 
on the other hand, is cumulative in its effect and has a known 
predictive value. 


In a hundred thousand years, by his use of the old forms of 
knowledge, man developed an environment suitable for a civilized life. 
He domesticated animals, produced cereal crops, and through the great 
religions aspired at least to a noble concept of the dignity and 
character of life. 
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Then, in a few brief generations, the new forms of knowledge 
which we call science brought to men a marvelous control of their en- 
vironment. Railroad, telegraph, telephone, electric light, motor car, 
submarine, aeroplane, radio, television, reduction of labor needed on 
the farm, canned and frozen foods, cheap goods by mass production, sani- 
tation, medicine, and public health. Almost over night the natural and 
physical sciences have brought these changes. 


The biological quality and the training of man has not undergone 
comparable changes. Except for medicine, we know so little about man that 
it is still fair to ask, ‘Can we have a science of man?' And the question 
is, somehow, troubling. Man's new power to control the environment has not 
made him humble. He seeks new short cuts to happiness. The older know- 
ledge of man, heritage of ages of experience and suffering, he tends to 
discount, because it is not based on the new scientific method, not 
capable of scientific proof. He is not likely to go back permanently 
to the old knowledge. He is too impatient of its restraints, too admir- 
ing of the success of the new type of thinking based on the scientific 
method. Yet without more knowledge of himself, of his needs, his weak- 
nesses and his possibilities, we may wonder whether man can safely handle 
the extraordinary tools he has recently created. They may inflict irrep- 
arable injuries. If we ask, 'To what extent is a science of man possible?’ 
perhaps we are really asking to what extent can we achieve a secure and 
permanent civilization? 


It is hardly encouraging to compare the present state of the science 
of man with the marvelous development of the natural sciences. But the 
picture is a more hopeful one if we make allowance for the respective ages 
of these two fields of science. Several generations of men have been 
trained and taught in the physical sciences. But no one of the age of 
forty-five or more today could have had any serious training at college 
in the sciences that have to do with men. They were not available for 
teaching twenty-five years ago, which is a pretty brief span of time, 
even in this hurried age. 


Scientific work in psychology was in its infancy at the turn of the 
century. Mendelian genetics were rediscovered in 1901. At about the same 
time anthropologists got out of their arm chairs and began collecting 
ordered data in the field. By 1910, textbooks were beginning to make sig- 
nificant use of new scientific materials in these fields. By 1920, courses 
in scientific psychology, genetics, human biology, and anthropology were 
available in most of our universities. ‘Today these subjects are among the 
most popular of any that are offered; But much that is taught about man 
and society is not science. Not enough research has been done to supply 
the basic material needed; and, still more important, there has been too 
little time for critical analysis, interpretation, and organization of the 
research that has been already carried out. ‘Notwithstanding this present 
handicap, the sciences of man have already begun to influence our thinking 
in a way which suggests the effect that'they may have in the future when 
they are more fully developed. A few examples will make this clear. 
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Psychology has made important contributions to present day points 
of views There are some two thousand registered psychologists in the 
United States today, where there were only a few scattered individuals 
in 1900. The sum total of their research fills innumerable volumess 
But much of this research has been badly done, as would be expected in 
so new and difficult a field. 


Some of the most important work in psychology has been that on 
the devclopment and experimental application of psychological measuros, 
which are the necessary tools of acceptable research» Methods of 
measuring intelligence have been used extensively and criticized and 
refined during the last twenty-five years- Their weaknesses and limi- 
tations ere now fairly well recognized and understood. In the hands of 
competent psychologists thoy heve given us what little scientific knowl- 
edge we have concerning the origin and development of the faculty of 
intelligence which most distinguishes men from other forms of life. 


There is still controversy among psychologists; part of this may 
be described as a controversy between older schools of psychologists 
and those trained during the last decade. lLaymen who engage in contro- 
versy are often found to be leveling their lances against concepts and 
methods that have been completely discarded by critical contemporary 
psychologistse Much of this controversy rolates to the roles of heredity 
and environment in the devclopment of intclligenco- Recent work goes 
far to clarify this difficult ficld- In the past few years, the so- 
called fixity of the Ie Q- has been disproved. We know now that a 
stimulating environment in the home, in pre-school, in elementary 
school, in high school, in college, «end in later life, tend to raise the 
Ie Q- of an individual, «nd to maintzin it at a higher level. We know 
thet in « depressed environment intclligence fails of a normal growths 
A child of two with apparently normal intelligence may in the unstimu- 
lating surroundings of a badly run orphanage revert to feeble-mindedness. 
On the other hand, there are important differences between individuals 
in the extent to which they respond to the stimulus of the same envi- 
ronment. Individual differences do not disappear when the environment 
is equalized at a high levole Ina stimulating environment, able individ- 
uals show a capacity for response which takes them further than ever out 
of the class of those of average ability- Among Newman's 19 pairs of 
identical twins reered apart, there were 11 pairs in which the two mem- 
bers of each pair had had similar amounts of education. In coach such 
case the twins differed in Ie Q only about as much as the same individ- 
ual would very when tested at different times, the «everage of differences 
being 4«4 pointse Among four of the pairs there was considerable dif- 
ference.in schooling between the members of each pair; their Ie Q.'s 
differed on the average by 10 points. Among the four remaining pairs, 
educational differences between the members of each pair were large, and 
in these four cases the twins differed by 19 points, on the average. In 
every case the twin with the more education had the higher I- Q- But at 
the same time where one twin was dull for his poor environment, the other 
was dull for his good environment, and where one twin responded well to 
his poor environment, his mate responded well to his good environment. 
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Twin Eleanore only got as far as the fifth grade,: and attained an 
I. Q. of only 66. Her sister Georgiana went through grade school,:- high . 
school, four: years of music, and. three years of normal school. After all 
that education, her I. Q. was only 78. It is- hard to escape the conclu- 
sion that this pair pf identical twins were not endowed with the eal 
factors pi saawgs to ordinary . ip ie ky ; 


Twin Gladys, with only three years elementary schooling as the total 
of her education, had the creditable I. Q. of 92. Her sister Helen, with a 
college degree, had an I. Q. of 116. Evidently the genetic endowment of 
these girls was sufficient for the development of average intelligence. 


The findings on identical:twins reared apart check pretty well 
with other studies on the relative contributions. of heredity and. envi- 
ronment to individual differences in intelligence in the general run 
of our population. Of course, nineteen pairs collected by Newman, and 
one by Muller, is a number woefully inadequate for statistical validity, 
but this inadequacy is typical of ‘the present state of the science of man. 


If heredity is indicated as an important factor in differences in 
the intelligence of individuals, this is far from being the case with 
respect to differences in average intelligence which are found between 
socio-economic or occupational groups. There have been five studies of 
foster children in which it was possible to distinguish the occupational 
or socio-economic grouping of their tem parents. . These are the studics by 
Burks of California, by Freeman of Chicago, by Leahy in Minnesota, by 
Skeels in Iowa, and by Lawrence in England. In the Freeman and Skeels 
studies there is evidence of selective placement. That is, the brighter 
children were more often than not placed in the superior homes. [In the 
other studies this was apparently not the case. The findings from all 
five studies were similar. The children whose true parents were in the 
lowest occupational or socio-economic groups had an average I. Q. about 
6 points lower than that of the children whose true parents were in the 
upper occupational or socio-economic. groups, the foster homes being in 
all cases carefully matched for educational stimulus. This difference 
of about 6 points indicated as the contribution of heredity is small, 
and becomes even less significant on further analysis of the methods 
necessarily employed in these studies. If it had been possible to set 
these studies on a better basis, it is likely that an even smaller dif- 
ference would have been shown. If these are the indicated differences 
between the relatively small group at the bottom and top levels respec- 
tively, then. the differences in hereditary capacity between any of the 
larger groups are of little importance. As in the case of identical 
twins, the number of studies is quite inadequate for final conclusions. 
But even these tentative findings point to some interesting inferences. 


If innate differences in intellectual capacity are on the average 
so small between different occupational classes, then our educational 
system should not be permitted to become a class affair. The American 
ideal that would open the highest educational opportunities to young 
people from every rank of society would seem fully justified. On the 
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other hand, if hereditary factors are of major importance in deter- 
mining differences in intelligence between individuals in a similar 
environment, then our educational system should be pointed up to meet 
the needs of individuals at different levels of genetic capacity. 


Thus, the recognition of individual differences shows the need 
for the separation of the sub-normal from the intellectually superior 
in their class work if either group is going to benefit fully from its 
education. The beginning of such a separation is being made in some 
schools today. It is one of the important contributions made so far by 
the budding science of man. This process of fitting the education to the 
capacities of the individual will undoubtedly continue as our educational 
system becomes increasingly affected by our growing knowledge of individ- 
ual differences in capacity. 


Is 


In the field of genetics, the marvelous advances of the past 
forty years have been largely limited to the genetics of plants, insects, 
and animals. For some reason, human genetics has been largely neglected 
in this country compared to what has been done by Fisher, Haldane, and 
Hogben, in England, and by Versshuer and others in Germany. There is 
almost no knowledge of genetic factors in normal variations in general 
qualities, such as intelligence, character, or susceptibility to disease. 
Important work has been done on blood groups. A considerable number of 
infrequent abnormalities are known to be due to genetic factors and in 
some cases the mode of inheritance is known. Research work on genetic 
factors in feeblemindedness and in mental disease is almost all in the 
future. Nevertheless, there are many signs of an aroused interest in 
the medical profession and a new recognition of their responsibility 
for preventing the spread of serious hereditary defects. 


Ultimately, scientific knowledge in regard to the part played by 
genetic factors in causing individual differences, and further research 
on the inheritance of different genetic factors, may make possible 
measures that would tend to discourage the reproduction of inferior 
genetic strains and encourage the reproduction of those above the average. 

Thus, scientific knowledge of the relative parts played by whit 
heredity and by environment in developing individual differences may 
become a valuable tool for improving human qualities, first on the 
environmental side through changes in education, and ultimately through 
raising the average hereditary level. 


IV 


Anthropology has made at least one important contribution to the 
American point of view by showing the extent to which culture patterns 
are fixed by the social environment with little regard to the type of 
people involved. Many of the qualities commonly spoken of as 'racial 
characteristics’ are now known to be matters of social rather than 
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genetic inheritance. The whole concept. oF race has undergone: a violent 
transformation in the past fifteen years. It is said that Hitler during 
the two.years he spent in jail before caming to power read widely in. what 
were then supposed to be scientific books dealing with race. They were 
not scientific in our present definition of the term: they were the 
German analogies of. Madison Grant's Decline of the Great Race, which was 
having a vogue in this country at that time. Modern research of a more 
scientific sort denies most of their conclusions. It is interesting to 
speculate on what would have been Hitler's attitude towards race if he 
had had access to present scientific knowledge. 


These few and tentative conclusions are suggestive for the future, 
but they do not indicate to what extent the science of man may be possible. 
It is only very recently that we have really lifted age-long taboos 
against an honest examination of ourselves. In the past twenty years 
more of a start has been made than might reasonably have been expected 
under the circumstances. The prospect for the future seems hopeful. 

The extent to which we can have a science of man would seem almost un- 
limited provided three major conditions are met: 


The eras is plenty of time. 


The. second is the enrollment in this work of men of high abilities, 
with eooaueke support. 


The third is freedom of thought, freedom of inquiry, and freedom 
of criticism. 


i hd 


Research problems concerning mmm are, in many cases, no different 
in kind from researesh problems concerning other forms of mammals on 
which effective work has been done. But the problems of man are infi- 
nitely greater in complexity and require more time in proportion as the 
space between human generations is longer than the space between the 
generations of the smaller mammals. What Tryon learned about the genetics 
of maze-running ability in rats might be duplicated in human beings with 
regard to genetic factors in differences in general intelligence, but it 
would take 200 years and a quite inconceivable control of human breeding 
to carry out such an experiment. The difficulties of studying environ- 
mental influences are almost as great, but there is no reason to be- 
lieve they cannot be solved by sufficiently persistent effort and by the 
development and application of new methods. 


There remains one important difference between the study of ani- 
mals and the study of man, namely, that in the latter case man is 
studying himself and thus finds it more difficult to exclude his per- 
sonal and emotional biases and reactions. It is for this reason, among 
others, that freedom of criticism is as important as freedom of thought 
in the development of the science of man. With all these difficulties 
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taken into account, there is still every reason to believe that the 
development of the science of man will go forward rapidly from its 
present modest beginning. 


VI 


It is worth while to consider the different practical appli- 
cations that may result from the sciences of man. The first has to 
do with education. Present methods of education are the product of 
a long evolution under the guidance of the old type of knowledge. 

On the whole, education today is undoubtedly better then the educa- 
tion available in the past. But we do not know in any precise way what 
a modern education really does, or the different effect it has on dif- 
ferent types of people. Psychologists in great number are working on 
new measures for determining individual capacities along different 
lines. Other psychologists are trying to determine the effect of 
different educational environments on people of different capacities. 
We may be sure that there is no single environment that would be the 
optimum environment for everyone. Each individual will make his 
maximum development in the environment that will most stimulate the 
particular responses of which he is capable. The environment that 
would be optimum for a dull person would be insufficient for the full 
development of a superior person. In the studies on orphanage and 
preschool children being made by Stoddard ‘at the University of Iowa, 
the brightest children showed the least growth in the deprived envi- 
ronment of the orphanage. The Pennsylvania Enquiry on school and 
college education by the Carnegie Foundation indicates wide individual 
differences in ability to respond to a college education. A consid- 
erable proportion of those going to college go backward: rather than 
forward intellectually during their last four years of schooling. It 
is not too much to hope that work of this sort will develop a science 
of education such that ultimately we shall be able to measure the | 
specific potentialities of each individual and provide an educational 
environment which would be the optimum for each of his particular 
abilities. Such a change in our educational system if universally 
applied would probably raise the average I. Q. almost 20 points. 

Few people would remain without some specific capacity which, prop- 
erly developed, would make them more valuable members of society in 
their own recognized specialty. 


With respect to the development of character and a balanced 
personality, scientific advance is more difficult than in the field 
of intelligence, but work is now going forward which will hasten the 
revolution in our treatment of criminals, and which will ultimately 
greatly reduce the number of anti-social, distorted, and unhappy per- 
sonalities; and even for the normal child will make possible a more 
socially adapted and happier personality. 
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VII 


To date, the most effective applications of a science of man have 
been in medicine, nutrition, and public health. The expectation of life 
at birth is now double that prevailing a century and a half ago, and has 
been increased from 49.2 years in 1900-1902 to 60.3 in 1929-1931. Medicine 
had a long start on psychology. It is not unreasonable to suppose that in 
another fifty years we may have a science of man which can prescribe the 
optimum environment not only for the maximum physical but also for the max- 
imum intellectual and personality development of each different individual. 
The application will not be easy. But when the knowledge is available, 
some way will be found to apply it. 


The science of human genetics will ultimately supply psychologists 
with additional knowledge necessary for an understanding of different 
human types. But the major applications of the science of human genetics 
will be in the field of direct improvement of the genetic qualities of 
human stocks. That is far in the future. What a few men did in twenty 
years, working in Drosophila, it may take several hundred men a hundred 
years or more to do working on man. Given sufficient time, and the de- 
velopment of new tools of research which will surely take place, a fairly 
complete genetics of man is possible. Whether its practical applications 


- Will be important, I leave to you to decide. Does your experience in plant 


and animal genetics lead you to think that the average man's socially 
valuable qualities in our changing environment could be improved by creat- 
ing conditions in which superior strains have the larger families, and 
in which the breeding of inferior strains is effectively discouraged? 


ViIiL 


We have been considering only the sciences relating to individual 
differences and individual development, and the contributions which these 
sciences may make to the improvement of human beings. But the study of 
man cannot proceed independently of his environment and his activities, 
which are the field of the so-called social sciences. Nor can the social 
sciences proceed successfully without more knowledge of this strange and 
complicated creature, man. The development of the science of man should 
therefore have another important effect in the contribution it will make 
to the sciences which deal with the behavior of men in the mass and their 
relations to each other. 


All branches of sociology are at present handicapped by lack of 
knowledge of the human material whose activities they are studying. The 
postulate of the economic man, impervious to all other emotions, does not 
add to the reality of economics. Perhaps the new field of population 
study provides the best example of the interdependence of studies of man 
and studies of man's activities. Here the analysis and forecasting of 
total population trends has been revolutionized since 1925 by the intro- 
duction of procedures for taking changes in age and sex composition 
accurately into account. It is safe to say that the error in population 
forecasts for the United States for the next thirty years has been cut in 
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half by the application of these techniques, and equally important in- 
formation about future age distribution has been added, which was 
wholly lacking before. 


The study of the adjustment of the population to resources in 
different parts of the nation, which had never been given serious 
attention before 1930, has been developed to the point where its re- 
sults already have very practical and far-reaching significance. The 
study of differential reproduction rates, which prior to 1930 had been 
based chiefly on such fragmentary and inaccurate data as reports by 
college students about the numbers of children in their fathers’ fami- 
lies, has been extended and refined until it is possible to describe 
the reproductive tendencies of most population groups in the United 
States with considerable accuracy, and we are now beginning to get 
accurate information on how these rates are changing in different 
groups under different conditions. It may be hoped that the 1940 
census will supply the necessary materials for far more accurate and 
extensive studies along this line. 


But these so-called group differentials in fertility relate only 
to occuptional groups or with regional groups. We know that farmers 
have more children than city people, but we do not know what genetic 
types are surviving in the greatest numbers. It is impossible to say 
at present on the basis of any scientific evidence whether the human 
race is improving, or whether it is deteriorating. This important 
question, with all its practical implications, can be answered only 
when population study can employ measures of innate human qualities, and 
for these it must wait on the development of the science of man. 


Thus, the science of man may not only make it possible to improve 
man himself by supplying the proper environment for his development 
and, ultimately, even by an improvement in his genetic potentialities, 
but may give the social sciences sufficient precision to make them truly 
sciences capable of predicting the end results of current political, 
social, and economic trends. 


The sciences of man may in these ways make an invaluable contri- 
bution to human welfare. They may also make an even greater contribu- 
tion in setting up new concepts of human possibilities, new ideals as to 
the purpose of life. 


Ix 


In the long period of comparative world peace which lasted 100 
years from the Battle of Waterloo to the outbreak of the World War, 
there seemed to be a growing recognition that the physical well-being 
and the fullest intellectual and moral development of individuals was 
the highest goal of society. This ideal of individual improvement was 
eclipsed by the old barbarism which emerged in the war and by the des- 
perate struggle for power that has followed. We seem to be going back 
to primitive aspirations in which the improvement and happiness of the 
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individual are subordinated to the power of the state. A return to 
religion would prevent this trend going further, but a new stimulus 
is needed. That stimulus may lie in the science of man. When we 
have a clear picture of what an optimum environment can do for the 
development of the individual; when we understand better the extent 
to which inferior genetic qualities may limit human development com- 
pared to the full flowering of those with a superior inheritance; 
when we realize that for each region of the earth and for each stage 
of its civilization there must be an optimum population at which its 
people are best supported; when economics and sociology understand 
the human material with which they arc dealing and become in their 
turn sciences of human relations; when we have in our hands demon- 
strated scientific tools capable of vastly raising the level of 
human relationships and of the developed qualities of man, may we 
then not hope that mon will be moved to new aspirations commensurate 
to their new possibilities? Science will never take the place of 
religion in revealing the ultimate mysteries and purposes of life -- 
whence we came, our purpose here on earth, or what lies beyond. But 
religion is also concerned with improving the lives of human beings, 
and hence religion will be strengthened by the sciences of man as 
they demonstrate methods for attaining a new and higher ideal of 
man's life on earth. And the demonstration that such an ideal is 
possible is the first stcp towards attaining it. 


ee 
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SEMINAR 


following the lecture by Mr. Osborn 
Office of the Under Secretary 


Syllabus 


It is difficult to control enough variables in social studies; pp.143-5, 
The scientific attitude leads to tolerance; p. 145. 


Through studies in the science of man we should be able to define 
the type of environment that is best for each individual's fullest 
development. Pp. 146-7. 


The science of man will require time; p.148, also section IV of 
the lecture. The study of sibs may enable short-cuts to be made; 
p. 149. 


The improvement of man should not be confused with the improvement 
of his environment. Man must be studied as an individual with per- 
sonality, and with recognition of genetic factors. Jt is not enough 
to study his physical and social environment. Pp. 148, 157. 


Man's emotions must be taken into account in any calculations that 
involve his behavior. FP. 149. 


Old family records are not sufficiently objective to be of much 
use in the science of man. Pp. 149-50. 


The medical, nutritional, and public health sciences of man are 
in an advanced state, but in genetics and psychology there is not 
much that we can tell the public safely at this time; pp. 150-4. 


What institutions ought to do research in the science of man? The 
work of the Department of Agriculture is involved in the science 
Ob eget, Lol. 


Immature findings should not be broadcast but should be examined 
and checked over in the normal process of education. Pp, 154-8, 


Is not the time ripe now for a widespread interest in the science 
of man? Pp, 155. 


Seminar VI -~ 144 - 


Proceedings of the seminar 


MR. WILSON: JI have been feeling very good since Mr. Osborn's 
lecture last night. If we are going to make this world into a better 
home for men to live in, and if we are going to use science to do it, 
as I think we must, I find a great deal of encouragement in the talk 
that Mr. Osborn gave us. I was much impressed with his-outline con- 
cerning the status of what might be called the science of man at the 
present time, which he related with remarkable scientific modesty and 
yet with a very great hope. It wasn't science without any backbone, 
it was science that had a hope and a future to it. And I was also 
impressed that he didn't stop with science here, but, if I interpreted 
him correctly, he wound up on the note of valuing the place of philos-~ 
ophy and the place of religion; and that if science is to grow, philos- 
ophy and religion also must grow. He raised in my mind a great many 
questions that I should like to talk with him about, but he left me 
full of a great deal of hope for the future. 


We sometimes ask questions of the speaker, Mr. Osborn, not 
with the idea of arguing with him but to be sure that we clearly 
understood his ideas. Then very frequently we have ideas of our 
own that we want to throw into the discussion, but really what we 
try to do here is for each fellow to think his own way through. 
Very often a person has an answer to his own question, or else he 
wouldn't ask the question. So remember you always have a right 
to throw it back. One question that I know must be in the minds 
of a good many of us is this: what effect will this developing 
science of man have upon the so-called social sciences, and more 
particularly upon the action or policies that are to grow out of 
the social sciences? 


MR. OSBORN: I must begin my answer, I think, by raising 
a question concerning the social sciences. I can't help but think 
of science, as I am sure you all do,as products of the scientific 
method. A method of study in which the variables are controlled. 
I don't think to date it is possible to control enough of the vari- 
ables in the so-called social sciences to make them really sciences 
in the ordinary sense of that term. It is probably always going 
to be difficult to control the variables in economics and soci- 
Ology. The value of an experiment is decided by your ability to 
repeat the experiment and get the same results. Here the chief 
variable is man himself, and my hope is that the development of 
more knowledge of man will give us an increasing experimental 
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control of that variable, and that as we develop that knowledge the things 
that I prefer to call the social studies will become more scientific in 
their nature. If you have a number of uncontrolled variables, and you 

get the same results even when those variables are different, then it is 
evident that the results of the experiment are due to some of the varia- 
bles that you are controlling. 


DR. DEMING: And you have elicited the information that the re- 
sult is independent of those you didn't control, which means a great 
deal. 


MR. WILSON: Well, answering my own question, Mr. Osborn, I 
think as developments take place over here in the various sciences 
that you outline, they will take effect pretty quickly in the think- 
ing and attitudes that go on in the field of government and human 
affairs. I thought that the illustration which you gave* (new to me) 
of Hitler having read the Madison Grant kind of literature, which has 
-been shown in the last fifteen years to be a scientific fallacy, was 
very interesting. And now, growing out of the new scientific ideas, 
you have ideas of tolerance that are completely contrary to the ideas 
of Hitler. This more tolerant attitude is based on something that is 
more scientific. 


DR. SEEGER: Mr. Osborn, did I understand you to say last evening 
that we have been going down hill from 1914 on?** 


MR. OSBORN: I think that the so-called liberal concepts which were 
developed to a very large extent during the 100-year period from 1814 
to 1914 have been greatly weakened. Certainly throughout Europe the idea 
that the state exists to provide the greatest happiness and development 
of the individual is less strong now in a great many countries than it 
was, and that idea has been discarded for the notion that the state it- 
self is the important thing and that the object of the state is to aggran- 
dize itself, perhaps even at the expense of the individuals of the state. 
Mussolini talks about the grandeur of Italy as if it were a being to 
which all the people of Italy must be ready to contribute their lives, 
if necessary, so that the state will be great. That is a different con- 
ception from the American, the liberal English, or even the liberal 
Germans of the pre-war period. 


DR. SEEGER: You mean that such knowledge of science as we have 
is not being applied at the present time in Eurpoe for the best welfare 
of the people. You see that would immediately raise this question in 
my mind; suppose we had a science of man, suppose we had this knowledge, 
have we any way of knowing that it would be applied for the best welfare 


of the people? 


* Section IV of Mr. Osborn's lecture. ** Section IX of Mr. Osborn's 
lecture. 
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MR. OSBORN: It seems to me that in supplying a clearer pic- 
ture of what might be possible in the way of individual improvement, 
science would be giving us new values to reach for. The sciences of 
man should be able to define for us the different types of environ- 
ment which in the case of any given individual would provide a well 
balanced personality, for the maximum development of his intelligence , 
and his maximum physical development--in other words, the environment 
that would be best for each individualts maximum fulfillment of happi- 
nes3, interest, and activity. If science demonstrated that under proper 
conditions each of us or our children could reach that maximum, it 
seems to me that we should be inclined to say, "Well, those are the things 
we care about. That is what we want this government of ours to do for our 
people," and we should be less inclined to say, "We have to attain happi- 
ness by conquering Czechoslovakia," or what not. We should be skeptical 
of other plans. We should say, "We have a picture of the happiness 
that is right within our hands; let's go out and try to attain it." 


DR. ENGLUND: Mr. Osborn, these terms "happiness" and well-being" 
which we set up as aims and objectives towards which we strive, are 
themselves rather elusive, in that they presuppose a certain standard 
of values. When the great liberalism of the past century was unfolding 
itself, we had a standard of values also unfolding itse]Jf in which lib- 
erty was an end in itself. Patrick Henry said "Give me liberty or give 
me death." Liberty ranked very high in his bundle of values. Now sup- 
pose, however, that a standard of values of a people changes, that they 
begin to feel that liberty has not achieved certain things which they 
had thought were achievable, let us say economic security for example. 
When their bundle of values changes so that people begin to think that 
liberty is no longer an end in itself -but is good if it achieves good 
things, then when our concept of the good changes, what becomes of lib- 
erty? 


MR. OSBORN: You are quite right to check me up on the use of 
such @ broad general word as happiness. I was using it in my own pecul- 
iar sense and that is this: if we think of man, as we can for a moment 
for the purposes of this discussion, as a mechanism which has been devel- 
oping over a great period of time, we think of that mechanism as having 
a great variety of functions and abilities. We can run, throw a baseball, 
we can use our minds, we can eat, and so on; all the different functions 
which have been developed over this long period of time have given us our 
survival values. Now, having been developed with all of those functions, 
I can imagine that our emotional internal balance derives satisfaction 
from functioning. It seems to me that it is in the nature of a living 
organism to reach a harmonious balance when it is fully functioning, and 
that a proper definition of happiness would probably be @ definition 
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that would signify an internal satisfaction due to the normal balanced 
functioning of all the parts. Some day in the future it may be possible 
to determine by chemical or electrical analysis whether a person is happy, 
and it is that kind of happiness that I had in mind. It is a scientific 
kind of happiness and not dependent on any large word such as liberty 

or whatnot. It is that kind of a picture I have in mind. I think we 
must associate happiness with functioning. If we think of a happy dog, 

we don't think of a dog lying down, we think of a dog chasing a rabbit. 
Does that clarify my rather careless use of the term? 


-DR. ENGLUND: Yes, I think it does, in my own reaction to it. 
Of course I agree wholly with you even with the proper use of the term 
happiness, but I am thinking in terms of other ideologies, A dictator 
asserted the other day that it is pure humbug to suppose that men want 
to govern themselves. Now, suppose you had a human group that actually 
didn't want to govern themselves. Then the liberty of which they are 
deprived when somebody dictates to them doesn't inhibit the happiness 
of that particular group. That is why I wanted to get a clarification 
of the idea, 


MR. GLICK: It seems to me that the most powerful social organ- 
izations are ofttimes based on something that is quite irrational, and 
that the scientific attitude is diametrically opposed to such organiza- 
tions because the scientist is critical of everything. Consequently, 
if you want a powerful organization, such as Germany wanted, you must 
stamp out the social sciences because they are critical of everything, 
of all irrational patriotism. Science in such a nation might be harm- 
ful, according to such a standard. If you want to develop that sort 
of state you have to cease to be critical, and build a patriotic type 
of peopie. I wonder if there is an inconsistency between the province 
of the scientific attitude and the province of something that is hoes 
irrational but powerful. 


MR. OSBORN: I think there is a great deal of inconsistency at 
the present time, because the sciences of man are so undeveloped that 
they haven't given us clear concepts, nor methods of attaining those 
concepts if we had them. But it is conceivable to me that if we had 
a fully developed science of man so that our concepts were perfectly 
clear and so that the methods of attaining those ideals were justified 
by science, then it might be possible for a Hitler to say "This is 
what all men want and this is the method of attaining it, as gener- 
ally agreed by a couple of centuries of scientific research. All 
scientists agree that this is what mankind wants in order to be happy, 
and these are the methods of attaining it. I will take charge of set- 
ting up the state under which you approach these ideals." Things 
might work that way; I don't think that is the way they will work, 
but it is hard to say definitely that science is incompatible with 
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any particular form of government, because these things are in such 
a state of flux. 


DR. BLAISDELL: Do you see any similarity between the present 
time with its optimism regarding the possibility of developing a sci- 
ence of man, and the period in history 150 years ago when natural sci- 
ence was just in its beginning and rationality had great vogue, and 
the intellectuals were seeing the future in rational terms? 


MR. OSBORN: Well, I should be rather surprised if many people 
share What Mr..Wilson has kindly called my optimism about the science 
of man. -It seems to me generally that this is a period of considerable 
disillusionment about science, but I am optimistic about the possibili- 
ties of the science of man, though I am not at all sure that we are go- 
ing to have the time and sense to achieve it. The things that I hope 
for from a science of man can't come for quite a while. Whether we can 
survive that period and gain a real science of man and then be guided 
by it, I just don't know. 


DR. BLAISDELL: It might be that we have already passed through 
that optimistic period and gone into the period of romanticizing cer- 
tain ideals. Possibly the drift away, the retreat from reason, as 
Hogden calls it, is in itself a parallel to the romantic reaction 
from the rational era. 


MR. OSBORN: Yes, I should think so. But it seems to me that 
in the period of the hope that all of the problems of the world were 
going to be solved by scientific people, the improvement of the en- 
vironment was confused with the improvement of man himself. When I 
was a boy (not so very long ago, as those things go, speaking in 
geological terms, Mr. Wilson) I thought of the improvement of the 
human race in terms of the improvement of its environment. I thought 
if we could provide a perfect physical environment for man, everybody 
would be happy and we should all be improved. It wasn't until much 
more recently that I realized.that the actual improvement of man him- 
self was a very different matter and depended on very different things. 
I think with the attainment of this remarkably successful control of 
our physical environment, we have been disillusioned with the results 
on man himself and on his aspirations and development. 


DR. WAUGH: I have been wondering what Mr. Osborn meant when 
he said man is the principal variable. Perhaps I can illustrate my 
question this way. We know that during the last thousand or two 
thousand years, any period you take, social and cultural phenomena 
have varied greatly; forms of social control, duties, opinions, 
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customs, and what not. Does that statement of yours mean to imply that 
man has varied even more than cultural phenomena have varied during 
these thousand or two thousand years? 


MR. OSBORN: No, I don't think of man as a variable in that sense. 
My own feeling is that the basis genetic qualities of any large group of 
people would be pretty similar to those of any other large group of people. 


DR. WAUGH: In that sense man would be the constant rather than 
the variable. 


MR. OSBORN: Yes, in that sense IJ think it would be fair to say 
that man would be the constant, but I was thinking of man's variability 
in the sense of the behavior that we might expect of him. We might say 
in economics that man will buy in the cheapest markets. That might 
or might not be so; for some unexpected emotional or psychological 
reason he might not buy in the cheapest market. He might think a cer- 
tain kind of food wasn't good for him. He might be entirely wrong; it 
might be the healthiest food there was; but for some emotional reason 
he would not buy it. That is the case in large sections of the South. 
Up in Millbrook where I occasionally ride to hounds, we have a huntsman 
from Virginia. After he had been up there for about a year he came down 
Sick, and after having a great deal of trouble the physician found he 
had pellagra. They investigated why he should have pellagra when he was 
drawing a good salary in Millbrook, and they found that he had been eating 
food that he had ordered from Virginia. It consisted solely of corn pone 
and ham, and that was all he was eating. That particular man is an illus- 
tration of the variability in the behavior of man. If we knew the extent 
to which these attitudes were due to conditioning or to some genetic 
factor that makes the conditioning of one group different from the con- 
ditioning of another, then we should be that much nearer the solution. 


DR. WINTERS: You spoke of the limitations in the study of man, 
particularly genetics. In the case of identical twins we are supposedly 
limiting the heredity and studying the influence of environment. We are 
of course limited in the number of identical twins that are available. 
Do the nations that have kept careful family records have an advantage 
in the study of family lines? Some nations have had family records 
for centuries. Are these records adequate for the study of genetics? 


MR. OSBORN: On the whole I have to answer no, because there are no 
records that carry with them a sufficiently exact clinical diagnosis, and 
it is probably necessary to scrap all of our old family records because 
the diagnosis is too inexact. The work which is being planned now in 
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human genetics of that sort requires a clinical diagnosis by a physician 
or a psychiatrist using some generally accepted or agreed bas@s of meas- 
urements. Now, if that type of record can be kept for a number of gener- 
ations, and the same measures can be used, so that they are comparable, 
then the family record would be of great value. At present, in order to 
make a short cut in time, work is being done on carefully gathered records 
of sibs. Exact records of a single generation may be more valuable than 
inexact records of several generations. 


DR. ALLIN: Mr. Osborn, I was just thinking, suppose we had a 
science of man that would enable us to achieve happiness as you define 
it, and that the science of man included a careful analysis of how Hitler 
might do just the way he did. Now, what is there in the science of man 
that would prevent any forceful individual from using the science of man 
to accomplish his own purposes, other than some technique for educating 
the people generally about the science of man? 


MR. OSBORN: Well, if I understand you correctly, you mean that 
a knowledge of the science of man would give one man a great control, a 
great ability to govern people. Well, I think that is true. 


DR. ALLIN: There would be no hope for achieving that ultimate 
state of happiness so long as individuals are free to make use of the 
science of man to achieve their own purposes by hoodwinking their fel- 
low men. 


MR. OSBORN: That would imply that the masses of people wouldn't 
know anything about the science of man. 


DR. ALLIN: The limiting factor then would be the knowledge pos- 
sessed by the people concerning that science, and that brings in my next 
question. JI hold a suspicion that we have a great deal more of the science 
of man already then we are practicing. The gap between our knowledge and our 
performance is so wide that, as I see it, what we need now is not more depth 
in the knowledge of the science, but wider and more general dissemination. 


MR. OSBORN: I don't feel that the gap is so wide. The only science 
of man that is in an advanced state is the medical, nutritional, and public 
health sciencesof man, which are in quite advanced states. We really know 
something about those things, but when it comes to geneties and the psy- 
chology of man, we really don't know very much which we can tell the public 
safely. Most of the things that we tell the people in psychology are in- 
correct, LT think, 


DR. KELLOGG: It seems to me if you go down and look over the 
wares of any corner drug store you would have to support Dr. Allin 
that there is quite a gap between what the medical scientists know 
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and what the people know. (Laughter) 


_DR. TAEUSCH: I should like to ask a question along that line, 
Mr. Osborn. TheSe questions all seem to lie in the direction of what 
we are going to do with this knowledge when we get it. I should like 
to ask where we can .getthat knowledge to begin with. You mentioned 
three conditions requisite for progress in the science of man:* lst, 
time; 2d, support; 3d, freedom. I should like to know where we have 
that freedom of research that would enable us to have a science of 
man. JI am rather suspicious of universities. There is another source 
in these independent institutions, such as the Brookings Institution, 
and I am wondering what about the Department of Agriculture. How do 
you feel? Do you think we have enough freedom as a governmental agency 
to contribute anything toward a science of man? 


MR. OSBORN: The objective of the Department of Agriculture, as 
I understand it, is primarily agriculture, and it is only recently that 
people generally have recognized that agriculture also has something to 
do with human beings. 


DR. TAEUSCH: Well, is it also or is it mainly that? 


MR. OSBORN: No, I think really it is also, because the respon- 
sibility for deciding on scientific research about human beings is 
mainly the responsibility of other people, but there are things in con- 
nection with human beings that you must know in order to do your work. 
I don't think that in my slight experience, the Department has been 
handicapped. Population studies are perhaps more related to agricul- 
ture than any other kind of human studies, and I think that several 
men in your Department have made very large and very free contribution 
to population studies. 


DR. TARUSCH: Well, let's take these other people for a moment. 
What class of ieaseitions are free from economic and moral prohibitions 
Pam is y their determining the actual science of man? © 


MR. OSBORN: Personally, I think they are all pretty free, ex- 
cept so far as they are individually conditioned; but that condition- 
ing is often the reverse of what you would expect, some people being 
conditioned by a certain set of circumstances to conform, and others 
by a certain set of circumstances not to conform. I think the best 
proof that there is great freedom is the violence of the controversy. 
I suppose there is no subject in which the emotional bias is more im- 
portant than the relative contribution of heredity and environment to 
individual differences. It is a field of great controversy. ‘George 
Stoddard and his associates at the University of Iowa, making studies 
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of orphans or pre-school children, claim that you can take children of 
feeble-minded parents and make them as bright as the average. That is 
an extreme position. Leahy and others at the University of Minnesota, 
studying foster children, claim that heredity contributes from 60 to 
70 percent of individual differences, regardless of environment. Such 
controversies indicate to me that thére is almost complete freedom of 
approach to research in these problems. 


DR. TAEUSCH: I should like to eome back to Mr. Allin's question 
on ressarch. His point of view is that we have to educate people in 
regard to what we have found out. I am wondering if we can allow re- 
search to rest with certain very definite institutions, which individ- 
ually are more or less hamstrung in the publication of what they actu- 
ally do find. Take certain facts that are discovered to the satisfac- 
tion of the scientists, but which interfere with certain economic or 
industrial interests, and you will find that it is vsueally very be- 
coming to that institution not to go ahead with the dissemination of 
that information, or even with further research in that line. 


MR. OSBORN: JI never have been one of those that have felt 
that way and I have seen. a great deal of it from the other side of 
the fence, because until I got into scientific work about ten years 
ago I was engaged in business. JI used to hear then, and I hear now, 
~a great deal about inventors having their patents and ideas bought so 
as to prevent their getting out into the market.* That is an example 
of the kind of thing you-had in mind, I judge. 


DR. TARUSCH: Yes. 


MR. OSBORN: J was in the business of managing inventors for 
fifteen years. They are delightful people, but frequently overestimate 
the commercial value of their inventions. I assure you that in the 
fifteen years during which I was dealing with small and large corpora- 
tions I never saw the executive staff or the executive heads of any 
corporation, large or small, who weren't frantic to get hold of a new 
invention, scrap anything they had, get the jump on their competitors 
by putting these inventions into operation. The difficulties in getting 
a new invention accepted, if it was good, always lay with the technical 
staff, the research staff, whose general attitude was that if the. inven- 
tion was any good they would have thought of it themselves. That was 
the human reaction. Now, among the inventions that I handled there were 
three that were good. We looked at approximately ten thousand in this 
ten-year period, and my best guess was that while of course we missed a 
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good many tricks in picking the three good ones that we spent most of our 
time on, 90 percent of the inventions, although the inventors themselves 
thought they were revolutionary, were ‘not really “practical things; and 
therefore 90 percent of the inventors thought that a selfish and unkind 
society was preventing the acceptance of their inventions. 


My feeling about the throttling of other kinds of research by 
vested interests is the same. Possibly my experience with inventors 
makes mé a little recalcitrant there. JI have had some experience 
with various foundations of this country. I never heard the least 

indication that because a piece of research might upset an estab- 
lished precedent, an established economic institution, that the founda- 
tion should not back it. I should say that in my own experience, the 
boards of the large money-giving foundations were more experimentally 
minded, more willing to take chances than most: people. Now, that is 
just my personal experience. 


MR. TOLLEY: Mr. Osborn, might I see if I understand. I think 
you are saying that the lack of progress that we fear, the progress 
that you hope for but fear will not come, in this science, will be due 
more to the research men themselves than to society at large. 


MR. OSBORN: . No, my fear that there may not be progress is based 
on a number of present conditions. One is that there is no particular 
reason why anybody should be doing research-.on these problems. There 
‘isn't the economic drive behind research in human genetics, for in- 
stance, that there is behind research on the genetics of cows. There 
is a drive on the part of the psychologists who are studying the re- 
sults of education, but the support of those psychologists has to come 
from more or less independent sources. Many psychologists, both radical 
and conservative, are supported by foundations, and their funds, I pre- 
sume, in the next ten or fifteen years will be more and more limited. 

I am not arguing for or against the limitation of their funds, but simply 
recognizing the probability that AmnES fortunes will not be evatiatie for 
such purposes in the future.* 


DR. ALLIN: Where are we going to look for the people who shall 
open up our science, aside from institutions we already know? 


DR. TAERUSCH:. What is going to be the. real future of the science 
of man from the research angle as well as the dissemination of knowledge? 


MR. OSBORN: I think it will gradually go into the universities 
and institutions and into.our government agencies, just as other things 
which have been started independently have gone into it, now that the 
science of man is already largely in the universities, in many cases sup- 
ported by outside money because it is a new thing. There was no science 
of population fifteen years ago and there was no population taught in 
any of the universities. It started in three independent ways: Ist, 
with men who became interested in it on the side from their regular work; 
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2d, with the Millbank Fund as an adjunct to their work. in public health; 
3d, by a man who had made a fortune in the newspaper business, and - 
thought here is an interesting thing that ought to be done, and so set 
up the Scripps foundation for population research. Some work was also 
done at the American Museum of Natural History. That was the condition 
twelve years ago. Today Princeton University has a chair of population. 
The Graduate School of American University has a chair in population. 
So has Howard University. A couple of other universities are consider- 
ing having chairs of population. Thus population is going into the: 
regular university's job of ‘teaching, with research on the side. That 
has already been done in psychology to a large extent. JI hope and be- 
lieve that human genetics is going into places like .the great univer- 
sities and medical schools in the next five or ten years. I believe 
it is on its way. Those institutions that are now supported by ayaa 
funds I think are going to be supported °F Ev ternne ut funds. 

DR. DEMING: What would be your ten of educating the baits 
putting such studies into the colleges or high schools and.so forth? 


MR. OSBORN: I don't think that the science of man is suffi- 
ciently developed to justify trying to take it out to the public very 
much, because I think it is a great mistake to educate the public in 
the elementary stages of any science. -They get.a lot of misconcep- 
tions that are hard to eradicate. I think it is a mistake for Stoddard 
to be popularizing his work so much. I have a great respect for him, 
put it is quite possible that ten years from now his views will be dif- 
ferent from what they are now. Carl Brigham once came into my office 
and saw a book entitled "A Study of American Intelligence" by Carl 
Brigham. He said, “Have you been reading that? Write across the title- 
page that all conclusions in this book are hereby certified to be incor- 
rect. Signed, Carl Brigham." 


DR. DEMING: Is there a guestion whether the scientific method 
ean be entrusted to the public? If you are going to wait until you 
have facts to entrust to the public, you never make anything public; 
but is there any harm in letting the public know the scientific meth- 
od and that conclusions do change? Science is a changing thing, self- 
correcting** Can the public be educated up to that? 


MR. OSBORN: I think that the public should be informed of all 
scientific knowledge about at the point where there is pretty general 
agreement on that knowledge by competent authorities, but I don't 
think it should be informed of scientific knowledge when one individ- 
ual has come out with some startling new discovery that may not be: con- 
firmed by other scientists after him; ** 


* cf. Professor Cohen's lecture. am See Dr. Lorimer's remarks | 
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‘DR. KETLOGG: I rather get. the immression, perhaps wrongly, that 
.you are talking of sort of an aristocracy of science now, sort of a 
closed corporation, and that when we settle the situation among our- 
selves, then the aristocracy agrees that the masses are ready for it. 
That puts it pretty crudely, but that is what Z got from your.idea; you 
would object to scientists popularizing things until there is pretty 
general agreement. Rex Beach published something that caused the Depart- 
ment of Agriculture to answer many thousands of letters. 


MR. OSBORN: I have been impressed by a great deal of the half bak- 
ed science that the newspaper reporters get hold of and run’headlines on, 
and at times it causes quite a state of confusion. I would like to see 
the public fed more accurate knowledge. I am only hoping that scientists 
along with other people will in general be modest and not be anxious to 
go before the puodlic with their claims until they have some important 
grounds for feeling that there is real work behind their results, of a 
sort that other competent scientists can verify. 


MR. GLICK: We were discussing what chances there were that there 
would be widespread social support for an increasing amount of research 
in the development of the science of man; also whether we may not be 
approaching the time when the whole climate of opinion would turn more 
favorably to that kind of thing. Don't you imagine that the period of 
wide-spread disillusionment of science itself, as to why it is that the 
results of science have so much more frequently been used for destruction 
instead of creation, may in itself be a prelude to just the same kind of 
social state for increasing interest in the scienee of man? 


MR. OSBORN: That is a very helpful thought. I hope it is so. 
It is quite possible it may be. Perhaps it has been unconsciously in 
my mind in the development of my own ideas. JI think if we can develop 
the idea of the possibilities of the science of man, and the recognition 
of its present limitations, we may give the public a more hopeful and a 
more patient attitude about the science of man. 


REMARK: Isn't that necessary to prevent a repetition of what is 
happening in some countries where.all the “recognized” scientists in the 
field (those who don't agree are not "recognized") pave come along with 
a particular set of ideology which the government then proceeds to put 
into effect, In Germany today all the “recognized" scientists are in 
agreement, aren't they, with certain theories on what we cail the science 
of man, which they call in other terms? » Those that don't agree are not 
"recognized" scientists. 


MR. OSBORN: I just don't know. Recently I have been talking to 
Clyde Keeler, just home from a year abroad, working on human genetics 
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on a Guggenheim Fellowship. In Russia ten years ago, they were do- 

ing a great.deal of work in human genetics and doing it quite freely. 
They had some very good men. Unfortunately they didn't have so many 
psychologists as they did geneticists. But they had a tremendous 
opportunity. The government supported them with a great deal of money. 
It is said that when they wanted some identical twins to study from 

an early age, the government shipped them eighty-three pairs of identi- 
cal twins and said "Go ahead; do anything you want." It was an unpreced- 
ented opportunity. They set up a number of organizations with names and 
addresses. Keeler went over and found the names of the organizations on 
the doors but no work going on. Apparently somebody had got the idea that 
this was a bad thing to be studying in a communistic state, and the whole 
thing was abandoned. 


With respect to Germany, I asked him why he wasn't talking about 
what he saw. He said “It is embarrassing; everybody thinks I am a Nazi 
if I talk about what I saw on human heredity in Germany. The men in 
Munich have large funds available to them and apparently they are just 
as free in their work as they can be anywhere and they seem to be do- 
ing a good job." He said "I am afraid to talk about that because every- 
body said 'You have been sold on the Nazis.'“ But the same thing might 
happen then that happened in ase so I find it very difficult to know 
how free they are. 


DR. ENGLUND: Is it possible, Mr. Osborn, that the inhibitions 
imposed in Russia might have been due to the inclination or belief by 
someone in authority that this study would lead to a recognition of the 
individual and that therefore it was incompatible with their political 
ideology? 


MR. OSBORN: I should think it is quite possible. 


DR. ENGLUND: That leads to another question. You indicated or 
mentioned a moment ago that some years back you felt, as I think lots 
of other people did, that if you could fix the physical environment of 
man, he would be all right. Happiness, however we define it in relation 
to our standard of values, would come about. Now we are turning away 
from that a little bit, perhaps with some disillusionment, and more and 
more accepting the idea of social responsibility for the happiness of 
the individual. I am wondering if we are going to find the same sort 
of limitation in that approach that we seem to have found in the physical 
improvement of the environment, and whether we shall again turn back 
from the extreme emphasis on social responsibility and social technique 
to the science of man as 4 means of improving the happiness of the in- 
dividual. There was a time in the stage of extreme individualism when 
the individual was somehow responsible for his situation in life, no 
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matter what it was; and if any improvement was to come in that situation 
it was up to him, Mow we have come a long way--I say we -in the sense 

of general public thinking--to the point of view that ‘society is respon- 
sible. Almost nowhere in authoritative circles do we now hear any empha- 
sis placed upon the individual's responsibility for what he is and might 
become. In fact, if you suggest such a thing, you lay yourself open to 
the charge that you are dragging a red herring across the trail of social 
responsibility. But suppose we pursue the approach of social respon- 
sibility for the welfure of individuals as groups; are we likely to find 
in that approach the same sort of @isappointments that we found in fixing 
the physical environment by the application of the results of scientific 
research? Must we come back to the point where I understand you to be 
now, that we have got to turn to the science of man because social re- 
sponsibility won't achieve happiness, unless by the science of man you 
can do something with the individual? 


MR. OSBORN: Yes, I think so. I think that we shall ultimately 
find that social conditioning is limited by genetic factors, and that 
there are genetic limitations to happiness as well as social limitations 
to happiness, and that with the recognition of genetic differences we 
shall go back to a fuller recognition of individuality and personality 
as something flowing from within. In other words, I myself believe that 
the recognition of genetic factors in individual differences is a re- 
cognition of the individual values of man apart from his socially made 
values, and lends more to: the dignity of human beings than the theory that 
we are all alike by heredity. 


DR. CHAPLINE: Is it possible that security may be a big factor 
in happiness? 


MR. OSBORN: I can't answer your question as to happiness being 
related to security. I would feel as you do in theory, and yet I am 
told by friends who go out to China that the Chinese peasants or coolies 
are the happiest people they have ever seen anywhere, yet they certainly 
are the least secure. I know wealthy people who economically are 100 per- 
cent secure as to position, and it seems to me the more secure they are 
the more disturbed they are about conditions. So in practice I just don't 
know where we stand. 


MR. WILSON: Nr. Osborn, you closei yestarday on that note of the 
problem of values and their earmeaitte with religion. If you take the 
point of view of culture, the anthropologist looking at any society (and 
we are in society just like the people in Polynesia; we have our culture 
and so forth), aren't those things really the directing forces that deter- 
mine what we shall do with science and with the science of man? In the end, 
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won't it depend on what we do with religion and culture? 


DR. LORIMER: Mr. Osborn, to go back to the matter of education, 
I should like to ask if there isn't a distinction in your mind between 
what you might call the normal channels of education, the dissemination 
of ideas through real education, and what might be called the broadcast- 
ing of findings; that you would be very glad to have immature science, 
undeveloped and conflicting, taught in universities and studied by the 
students who are participating in the creation of science. This is 
along the line of what Mr. Deming said,* that the development of teach- 
ing of the scientific method wasn't the thing you were protesting against, 
but the broadcasting without this opportunity for examination and critical 
consideration; the broadcasting, as final, results that are really immature. 
I mean you were not advocating any sealing or locking up of information, 
but rather that you are in favor of attempting to spread undeveloped in- 
formation through the normal processes of education, where there is 


opportunity for real examination--all this in contrast to rushing to the 
radio,with ;it. 


MR. OSBORN: Exactly. 
MR. WILSON: Well, we have had a very interesting séssion and we 


want to thank you, Mr. Osborn, for coming down and speaking to us yes- 
terday and participating in this seminar with us today. ; 
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Lecture VII 
SCIENCE AND DISCOURSE 


by Charles Ws Morris 
Associate Professor of Philosophy, The University of Chicago 


a 


As you are all aware, we are living in an age that is peculiarly 
conscious of its language; we have today a linguistic consciousness of , 
a very striking order. This has been so in certain previous periods of 
history, as in the Hellenistic period, and in the late Middle Ages. 

Our language is not working very well, and we have become conscious of 
it as an instrument. The market is flooded with books that offer vari- 
ous linguistic panaceas for our scientific and social ills. 


Language is an enormously important instrument, and so far as 
our ills are linguistic ills, then linguistic analysis is important; 
but I think we should have a certain skepticism about the utopian men-. 
tality in the domain of linguistic amalysis. Nevertheless, with that 
reservation, I am going to make a linguistic approach today, for a very 
specific reason. I am going to try to deal with science in terms of 
scientific discourse, that is, by a consideration of some features of 
the language of science; and I do that because, in tle sense in which 
we are now using language at this moment, there is no animal other than 
man that has language in that sense of the term. Man is the linguistic 
animal par excellence. It is natural therefore that all human activi- 
ties develop various appropriate forms of language. We sneak of vari- 
ous types of discourse, such as religious discourse, mathematical dis-— 
course, esthetic discourse, literary discourse, and so on; and scientific 
discourse may be approached in terms of its relation to other typés. 

In this way we get a rather novel approach to the relation of science 
to other human activities. 


Since I take it that the consideration of this relationis a 
part of the program of these lectures, I shall try to characterize the 
nature of science by a consideration of scientific discourse, and by 
contrasting it to two other forms of discourse which I shall call the 
esthetic and technological. From my point of view there are only three 
primary forms of discourse; all the other modes of speech that. men use 
seem to be a function of these three primary forms. Consequently, the 
question of what science is, or what scientific ideas are, shall be 
reformulated as the question "What terms and sentences g@ppear in the 
language of science?" ‘When we raise the question of what "scientific 
ideas" are, it might seem as though we are making psychological investi- 
gation concerning what occurs in the mind of the scientist. Naturally, 
the scientist has many ideas that we could not call scientific ideas, 
and we arc in a rather nebulous sort of realm; whereas if we ask what 
terms and sentences occur in the language of scicncc, we have a certain 
concreteness in our approach. 
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I shall take as a simple example of scientific discourse the fol- 
lowing sentence; "The body x has a mass of 3 grams and the body y has 4 
mass of 6 grams; hence y has double the mass of x, and if the same force 
acts on the two bodies, the acceleration of x will be double that of y." 


If we analyze this simple bit of discourse as characteristic of 
scientific language, we may call attention immediately to four aspects 
of it, which, taken together,.characterize fairly wcll the nature of sci- 
entific languagc and, indirectly, of science. 


The first thing:that we note is that the signs in the discourse 
take on the form of ‘stétemcnts; that is, this discourse has the character 
of statcments. ‘Commands arc not found in it, nor terms that would be 
cxpressive of cmotions or feclings of the eeentd ats The charactor of 
the discourse is that of statements which state that cortain charactcris- 
tics or propcrtiés arc. found at certain spacc-timc points. Thct is, the 
body x, which would bce c body inhcbiting a ecrtain region of spacc ond 
timc, has a ccrtnin character, a mags of 3 groms, for oxamplc; and a pre- 
diction is made that if. a certain force acts upon these two bodics, then 
the acceleration of x will be double that of ye Therefore these state- 
ments are of 2 peculiar sort; they arc what we may coll predictions that 
ascribe cortain propertics to spacc-tinec regions, so that if something is 
done at a cortain spacc-timo point or region, such ond ‘such a result is 
predicted. Tt sceoms to mo that this characteor of prediction, and the ac- 
curacy attcined in prediction, is the basic chaoractcristic of scicncc, 
determining all its procedures and its form of discoursc. As I scc it, 
the goal of science which distinguishes it from othcr hunian cactivitics, 
is accuracy in prediction, and the reason why accuracy in prediction is 
important is because men acting et one point in space end time wish to. 
prepare themselves as well as they can for what will eccur at other 
points in space and time which ere now remgte. That is, they went to be 
able to determine whet thoy have to take account of, thet they ore going 
to encounter, wherefore accuracy in prediction is, I think, the basic 
feature for which science aims. It might be said that science aims to 
give reliable knowledge, but I think the test of reliable knowledge is 
accuracy in prediction. And I believe that all of tho essential charac- 
teristics of the ties of scicncs can he shown to depend upon this 
goal. 


As an cxamplc, in its statcmcnts, scicnec has developed various 
techniqucs for making accuratc rofcrenecs to space and time rcgions. 
The whole devclopmcnt of coordinate systcms, thc whole devclopmcnt of 
mathematical cxpressions, arc ways in which statcmcnts con be given this 
type of precision which accuracy of prediction dcomands. 


* This reminds the editor of C. Le lewis! statenent,"... there is no knowledge 
of external reality without the anticipation of future experience. Even that 
knowledge implied by naming or the apprehension of anything presented, is im- 
plicitly predictive, ..»." Mind and the World-Order (Scribners, 1929) p. 195. 
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The second characteristic of scientific discourse we may call con- 
firmability. Scientific sentences are anchored in observation. That is, 
we have to.be able to, determine whether the body x does weigh 3 grams, 
and whether the body’ y does weigh 6 grams. We have to be able to deter- 
mine whether oné acceleration is double another acceleration. That is 
the kind of thing Bridgman means in stressing the operational type of 
procedure. We have to have some type of procedure by which we can tell 
whether a ‘proposed term is applicable, 


The situation can be illustrated by a story that is attributed to 
Galileo. I do not know whether it is accurate or not. You remember 
when Galileo discovered the mountains on the moon, some of the Aristotle- 
ians who thought the heavenly bodies: were perfect spheres suggested there 
might be some crystalline substance which filled in the valleys between 
the mountains so that the actual surface of the moon was spherical. And 
Galileo’ answered, or is supposed to have answered, "That is such a fine 
hypothesis that I shall assume that there are mountains. on the moon made 
of this crystalline substance, which themselves are ten miles high." In 
other words, the introduction of the term "crystalline substance," if 
not subject to some operational test, is irrelevant in science. Galileo 
was therefore pointing out the operational test, or the test of confirm- 
ability, for the introduction of meaningful scientific terms. 


We might think that that is all there is to the question of sci- 
entific terms: that a scientific terti is one that is governed by same 
operation such that we can, by observation, tell whether an object has 
or has not the property in question; but if we look a little further at 
our sample of discourse, we see that that would be too simple a state- 
ment. We see, for instance, in drawing the conclusion that if the same 
force acts on the two bodies the acceleration of one will be double that 
of the other, that the deduction is made by the help of what we would 
Calle scientific law, that force is mass times acceleration. The status 
of such a theory or law is somewhat difficult to determine, because there 
is a certain’ conventional element in this law, depending on the:.type of 
units we use. Nevertheless, this law is in 5 ome sense empirical in 
origin, in some sense it rests on observation; but here I call your at- 
tention to an interesting fact about it, the way in which it is used. It 
is used to allow a certain conclusion to be drawn, a certain prediction 
to be made, on the basis of the first two statements that the body x has 
amass of 3 grams and the body y has a mass of '6 grams. In other words, 
we must distinguish the theoretical superstructure of science from what 
we might call ‘singular statements in science, and regard the laws of sci- 
ence as part of the superstructure which functioned &s a way of passing 
from singular statement to singular statements. The sineular statements 
in science would be the sentences that ascribe certain properties to cer- 
tain space-time regions. In passing from certain of those statements 
to new singular statements, namely, that these bodies will have an ac- 
celeration of such and such a sort, we make use of scientific theories, 
that is, of sentences in the scientific superstructure. 
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nace question arises whether terms in the scientific superstructure 
have to be empirical and confirmable in the same sense in which the terms 
in the singular statements are; and there I think the answer is no. I 
think that the only thing we can demand of the scientific superstructure 
is that it be such that from singular sentences we can deduce new singu- 
lar sentences, that is, that we can make predictions. And therefore it 
is not essential that terms like "atom" and "electron," or thousands of 
other terms in science, be given direct operational meaning at the level 
of singular statements; the basic point about the superstructure is deter- 
mined by the test of prediction, namely, the superstructure must be such 
that given some singular statements it must be possible to make predic- 
tions that can be confirmed. I beleive the final and sole test of scien- 
tific theories is whether or not they allow us to make predictions. Sci- 
ence, in other words, admits any sentence which is a prediction or from 
which predictions can be deduced. 


Even then we have not exhausted the terms in this simple. bit of 
discourse, bécause we have there a statement that the body y is double 
the mass of x, because x has a mass of 3 grams and y has a mass of 6 
grams. Here we are using a statement of an entirely different kind, we 
are using the statement that two times three equals six. A statement of 
that sort found in logic or mathematics, is of course different from either 
the singular statements or the theories by which we deduce the singular 
statements. 


The best contemporary opinion on the nature of logic or mathematics 
regards such formal sentences as part of the linguistic apparatus for - 
making deductions. That is, the use of the law “two times three equals 
six" is to allow us to make the specific predictions that we make about 
the accelerations. That is, we use the singular statements to start with, 
we have theories from which we can deduce predictions, and then we have 
the tools of deduction (logic and mathematics), which allow us to deduce 
new singular sentences from the theories and the initial singular state- 
ments. It was Newton, it seems to me, who first saw that mathematics is 
a tool of science, that mathematics does not itself give knowledge of the 
world but is part of the way in which scientific knowledge is organized 
and in which scientific deductions are made. 


Such, then, are the basic levels and characteristics of scientific 
terms and sentences. Scientific discourse is composed of singular state- 
ments or the terms that occur in them, theories from which we are able to 
make new predictions, and the tools of logic and mathematics which we use 
in making deductions. Even the statement that a scientific system must 
be non-contradictory can be perhaps traced back to the single test of pre- 
diction which I am setting up as the determiner of scientific discourse, 
because it turns out that if a system has two contradictory propositions 
within it, that anything can be deduced from it. In other words, a con- 
tradictory system allows anything to be deduced, so even the test of 
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whether a system is contradictory seems to me to be controlled by the sci- 
entific demand for accuracy of predictioni 


The last point I shall mention about this sanple of scientific dis- 
course is what we might call its intersubjeetivity. I have stressed three 
aspects of scientific discourse; its statement character, its confirmabil- 
ity, and its systematic character. And now I-mention intersubjectivity. 
There is no reference made in the statemont of scicnec to specific observ- 
ers. No one says who must confirm the statements. The refcronce is not 
to obscrvers, but to certain properties in interrelation; and I think that 
scientific objectivity cithor is or involves intcrsubjectivity as an csscen- 
tial feature; that is, it is essential to scicntific discourse that the 
méanings of the terms be intersubjective ond that the sontcnceos be capable 
of confirmation by anyone who participates in the scicntific cnterprise. 


If we werc to sum up what I have said so far, it would be something 
like this: scientific discourse or language is a specilization of our 
common language for the purpose of obtaining accuracy in prediction, and 
the demand for accuracy in prediction controls the characteristic features 
of that language. The scientific habit of mind would be the habit of mind 
of accepting statements of the type which are admitted into scientific 
discourse. And scientific procedures would be those proccdurcs that are 
used in getting such statements. So, while we start from a linguistic 
basis, we can characterize the scicntific habit of mind or scientific pro- 
cedure in terms of this typc of discourse. 


We might compare scicnce to o building. A building is anchored 
to the earth at cortain placcs, but there is a large superstructwe which 
is not in direct connection with thc carth; the supcrstructure however 
must be connected at every place with the foundation, or with elements 
themselves connected with the foundation. There could not bo an isolated 
superstructure; thet is the analogy I would give with refcrencc to sci- 
cnec,. Singular sentenccs constitute the base; the theorics and the logi- 
coled mathematical devices constitute the superstructurc; the terms in 
that superstructure do not rcst in every case upon the carth of obscrva- 
tion, but they are so connected with the singular statements that they 
permit deductions to be made so that further singular statements subject 
to observational control can bo obtained. 


We can also carry out the analogy by comparison to a map. There 
are many features of a map that are not found in the territory that is 
mapped. We may use colors, we may use certain numbers, we may mark 
points of interest by certain signs, and while there is a certain rela- 
tion between those and the territory mapped, the map is not in any sense 
a literal represcntation of all the featurcs of what is mapped. Thc map, 
in other words, has its superstructurc. Now the map must be such that 
if wo tio it to the carth at ono point--that is, if we put a pin in it 
and say "Here we are now'-—-then the map must be such that it furmishes 
us the means to get where we want to go. That is, it must give us accu- 
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rate predictions with reference to what wé shall encounter at some other 
place in the space-time region that is mapped; but the only limitation 

of the map, I think, is that it allows us this accuracy in prediction, 
this accuracy in the guidance of our action; and I therefore would canpare 
the scientific edifice to a map, giving great flexibility and frecdom to 
the superstructurc, provided always it is anchored to the superstructure, 
i.c., to the singular statcments in the way indicated. 


IV 


This comparison of science to a map raises the question of how far 
scicnee is a unity. Is scienec one map or many maps? And this question 
will allow mc in passing to say sancthing about the unity of scicnec move- 
ment. It is interesting that throughout the world therc has been growing 
& movement that we might call tho scionco of science. The science of sci- 
enec brings scicnec itsclf into the focus of scicntific investigation. 

It becomes immediately clear that the science of scicnce would have ct 
least thrce important aspects or parts; the history of scicncc, thc soci- 
ology of science (using that tcrm in a vcry wide sense, as the study of 
relation of scicnece to all other social processes), and the logic of séd- 
once. 


The unity of science would be a particular thesis within the sci- 
cnee of science, the thesis that science in some scnsc, vith respect to 
its methods ond its tcrms and its laws, constitutes somc kind of a single 
structure or single map. The thesis of the disunity of science would be 
a thesis within the field of the science of science. 


Time does not permit me to trace the history of this contemporary 
unity of science movement. It stems most directly from groups of scien- 
tists in various countries: Mach in Austria; Poincaré in France; Charles 
Peirce in this country; Russell in England; Helmholtz in Germany, and so 
on. The followers and students of these men became interestcd in prob- 
lems in the logic of sciencc, or the "philosophy" of scicnec in some 
vague sense of the term, and so the movement grcw out of scicntifiec in- 
terests and activities themselves. Little groups grew up in various 
countrics that gradually became aware of their common interests. In 1934 
it was dccided to hold a conference in Prague to bring togcther reprcscn- 
tatives of thcse various groups, and at that time was formed an organiza- 
tion which is known as the intcrnational Congresses for the Unity of Sci-~ 
cnee, and which has an intcrnational committec of scicntists and logicians 
to direct it. The first of the Congresscs was hcld in Paris in 1935, and 
Congresscs have been held yearly since: at Copcnhnagen in 1936; Paris in 
1937; Cambridge (England) in 1938; and in September of this year, from the 
third to the ninth, the first of the Congresses for tho Unity of Sciences 
in America will be held at Hervard University. 
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This group has as its main journal The Journal of Unified Scicnec 
(formerly Erkenntnis) and the history of the movenicnt will bo found there. 
Also plans have just been completed for the publication of a Library of 
Unified Sciencc, which will bring togethor monographs and books in this 
ficld. Most important of all is the Encyclopedia of Unificd Scicncc, 
which is now being published by the University of Chicago Press. The 
first two volumes, ealled Foundations of the Unity of Science, are com- 
posed of a scrics of twenty monog: monographs, of which sewen are published or 
will be published in a few weeks. Plans -have already becn laid for the 
next six volumes (sixty monographs), which will constitute a section on 
the procedures of science, and will without doubt be the most extensive 
presentation of the mothodology of science in cxistence. 


In the unity of science movement a distinction is made betwecn 
three aspects of the unity of science. Thore is first a question of 
the -interrelation of the methods of the various scicncees. In other 
words, does scicnee constitute a unity methodologically? Of course 
there are differences between the methods in diffcrent scicnecs, but 
by and large, can scientific method be choracterized os one? 


Then there is the problem of the unity of terms; nomcly, is it 
possible to construct a single structure, a single language, in which 
the terms of all the sciences will appear in one systematic whole? By 
"oll the sciesnecs" I mean not merely the natural sciences, but also the 
ficld of thc social and humanistic studics--even, for instance, csthet- 
ics. Con, for examplc, the terms within esthetics be brought into a 
single logical sturcture with the terms in physics? Tho most extrome 
proponents of the unity of science would maintain that all of the sci- 
cnces constitute a single unificd thole with respect to terms, such that 
on the basis of & few terms it is possible to characterize the meaning 
of all the other terms in the scientific edificc, including the social 
sciences and the humanistic studics as well as the biological and physi- 
cal sciences. 


The problem of the unity of law would be the third problem. Is 
it possible in theory (and of course the problom of practice is diffi- 
cult) to integrate the statoments of the various scic nces so that from 
a certain number of statements which may have come from one science, or 
possibly from a number of scicnces--is it possible to deduce the thcoo- 

rems of all the other sciences, so thet there would be a single deduc- 
tive scheme embracing all the scicnces? The general opinion is that no 
one knows whether this can be done, but that there is no known reason 
why it cannot be done--theat is, there is no logical reason why a unity 
of law is not possible. It is obvious that we do not heave cnything Like 
that today. We have no single principle for instance, from which we can 
deduce the behavior of the schizophrenic md falling bodies. We do not 
‘have any method of connecting these diverse bodics of facts, but the 
thesis with regard to lav would hold that that type of integration is 


not logically impossible. 
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I shall not characterize this tlovement any further, since I wanted 
to refer to it only in psssing as a matter of information; but if science 
really does constitute a map, then while it is useful to have different 
sections of the country, it is possible that science in its totality be a 
single map. rf 2 Hie 1 one tena ee 


Before passing on, I might make that possibility a bit plausible 
by using an illustration that Qtto Neurath likes to use: suppose you no- 
tice a certain house on fire, and have the problem of predicting what will 
happen; will it burn down or be put out? Notice how complicated the situ-. 
ation is. You have all sorts of factors involved:. in watcr you have chem- 
ical factors; you have the habits of the local fire department, and therc-. 
fore sociological phenomena; you have the question whcther the man dcolibcr- 
atcly set his house on fire in order to collect insurancc, ond therefore 
you have probloms involving thc psychology of human naturc; there is a 
question of what will happen to the weather, so that altogether all sorts 
of physical sciences are involved in the picture-—biological material, 
mathematical material, sociological material, psychological material, are . 
all involved in such a single situation and statement. 


It therefore would be very queer indeed if biology, physics, psycho- 
logy, and the social studies did not present some kind of a unified aspect, 
because, if our world of nature is interconnected in all these respects it 
would seem likely that what we speak of as the different sciences must in 
some scnsce or other have a type of intcrconncction (a common superstructure) 
that devclops with the interconncetion of the phenomena themsclvcs. 


The very fact that in making predictions we do utilize matcrial 
drawn from all thc bodics of knowlcdgc would suggest that somchow or othcr 
the terms and laws of these bodics of knowledgc havc a systematic intcrcon- 
nection. I might say that the unity of science goal should not in any 
sense be regarded as a panacea, or as a substitute for scientific activity 
of any type that goes on; I mention it as an interesting attempt of sci- 
ence today to look at itself as a whole and to consider its history and 
its social relations and its logic in the same spirit with which each in- 
dividual scientist would consider his own subject matter. 


V 


I want now to round out this theory of science, approcahed in 
terms of scientific discourse, by considering briefly and inadequately two 
other forms of discourse, which I shall call the esthetic and technological, 
because such a comparison will allow us to sec something of the relation 
of scicnee to othcr human activitics. Consider a littlc poem of Emily 
Dickinson called "The Cemctery": © 


"This quict Dust was Gentlemcn and Ladics, 
And Lads and Girls, 

Was Laughtcr ond ability and sighing, 
And frocks and curls. 
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"This passive place a Summer's nimble mansion, 
Where Bloom and Bees © 
Fulfilled their Oriental Circuit, 
._ Then ceased like these." 

Now if you gave a prose scientific transcription of this poem, 
and began to put in spatial and temporal coordinates, and so on, you 
would describe certain space-time regions, you would state that some 
of this physical material came from men who were of such and such an 
age, or biological organisms of such and such a sex; you would say that 
at certain times they made certain facial movements of a type called 
laughter, and certain movements of the respiratory system known as sigh- 
ing; and so on; that once there was a home there, and that flowers and 
bees were about, and that these went through ccortain cyclical proccss¢s 
ond passed out of cxistcnce in a certain space and timo as the young 
male and female organisms did. What would you have lost in this s¢ei- 
entific statement if you so reduced it to a scicntific account? Well, 
you would have lost all the poetry. But then. the question is, What is 
the poctry? I think it is.cleoar what you would heve lost is the presen—- 
tation of the significance, the velue, of thcse happenings. You would 
heve described the happenings but you would not heave presentcd the sig- 
nificanco which they had for some pcrson--ct lcast for the poct. In 
other words, in csthetic discourse--end I think this holds for music or 
poctry or for any other form of esthctic discoursc--you prescnt wheat 
we might call value-propertics of the thing. (I shall not discuss the 
status of such valuc-propertios. I think we moy rogerd them cs the 
cheractcrs. of:things: so far cs they satisfy or frustrate our interests.) 


Nov, when we prescnt things, cs R. Be Perry would say, "intercst- 
wisc," when we look at thom in rclation to intercsts rather than in the 
borns that science looks at them, and are able in some medium of sound 
or color or what not to ectually cmbody thosc valuc-propcrtics that Tere 
presented, then we have a work of art, we have csthetic discourse. This 
poem ectually embodics something of thc scnse of bcloved things Which 
are transicnt, passing away. It is not thet you morcly give the tempore 
coordinates ond the physiccl propertics, but you ccpture the scnsc of 
loss thet is involved in thc occurences. And I think thet is the gen- 
crol nature and function of ert: not to -prescnt-.accurate predictions 
(that is the function of scicnec), but to embody vealucble cxpericnces 
in some mcdium or othcr. 


The importancc of art then becomes elccr from thet samc point of 
vicw, becouse it is through art that men prescrvces and communicstes his 
significant oxpericnecs; cnd art hes its own form of discourse rclevant 
to porforming thet function just as scicnee has devclopcd its form of 
discourse relovent to performing its function. 
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Let us contrast very briefly these two forms of discourse with 
another form of discourse which we may call technological discourse. 
I take these words from a treatise on orchestration: 


"Flute solos are best soft, and with a thin accom- 
paniment. The two lower registers are good for background 
work but the highest is too shrill for this purpose. Flute 
tone quickly becomes monotonous to hear, so restraint should 
be exercised with regard to its use. A flute must not be 
expected to play softly high up in its compass." 


Now the charactcristic of such a form of discourse is the appear- 
ance of such terms as must and should and should not. All moral terms, 
of course (don't do this, or do this, or this should not be done), also 
fall within technological discourse. Now, what is the characteristic of 
such technological discourse? I think that if you take any statcment, 
say the statement "You should have your child vaccinated," which would 
be a’ statement in technological discourse, you will find under analysis 
that there arc threc factors in it. There is some refercnce to a goal 
or cnd, namely, in this casc tho health of the child. It is taken for 
grantcd that the parcnt wants to maintain and preserve the hoalth of 
the child. Sccond, there is an implicit<claim that such and such. a pro- 
cedure, nemely, vaccination, is the best method available for realizing 
that end. Certainly, if a physician mado that statemcnt, wo would all 
assume that he tokcs vaccination to be the best procedure that is aveil- 
able for realizing that end. Third, theroc is on attempt to incite action 
to adopt this procedurc. Thet is, there is the clement of wishing to 

so influence the person spoken to that he will act in such end such a 
‘way, that ho will actually go ahead and have the child vaccinated. TI 
think technological discourse, then, goes beyond scientific and esthetic 
discoursc in the fect that it endcavors to incite bchevior appropricte 
to realizing such and such a goal. The aim of the statcment is to get 
the person addressed to allow vaccination to take place. . 





If we conceive of morality as a form of technology--end I think 
that is the way to approach morality--sentenccs of moral discourse show 
themsclvcs to be sentences in technological discourse. The question be- 
comes: "What is the relation of morality to other types of technological 
discoursc; for instancc, to enginccring discoursc, agricultural dis- 
course, cmd so on?" I[ think it is possible to regard morality as con- 
cerned with those techniqucs which are belicvcd to give thc meximum of 
volue in situations where thorc ore valuc conflicts, that is, where there 
is a conflict between things that men cherish. Thc conccrn of morality, 
it scems to mc, is always to meximize value in such conflicting and 
compcting situations. If timc pormitted I would try to bring the whole 
sphere of morality undcr tcchnological discourse. 
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VII 
With this as a background, I wish to spend the time that remains in 
connecting this conception of science with tho humanistic interests, with 
which this course of lectures is also conterned. I want now to say some- 
thing dealing with the cultural importance of scisnee and thc unity of sci- 
G6nee movement when conccivod from this point of view. Thc preccding matc- 
rial-gives, I think, the necessary basis for such a considcration. 


The first question I shell raise conccrns the rclation of scicnec 
to value. It is a conmon position that science has nothing to do with dc- 
termining values, but only gives us facts and moans for realizing values. 
Scientists themselves often take this attitude. I have heerd socicl sci- 
cntists say "If you tell us where you want to go, we will csscss the mccns 
which will best get you to that goal." The corollary of such a position 
is that science is only a tool; that the ends which men seek, the values 
which they have, must come elsewhere--from metaphysics, or religion, or 
some place else. 


This view does not seem to be borne out by the analysis just made of 
the relation of science to technological discourse. It is true that life 
is more than knowledge. There are problems of choice, decisions; men must 
often act on principles that cannot at the time be said to be scientifie;* 
but nevertheless I call your attention to this interesting fact, that the 
knowledge of valucs, and the knowledge of the conditious of thcir rcaliza- 
tions, actually affect the values themsclves. If one rcalizcs, for in- 
stance, how difficult it is to attain a certain end which one has in mind, 
the realization may change the naturc of the cnd itsclf, and onc may lose 
intcrest to some degree in that cnd. I think the psychoanalytical theory 
thet oll desires and intercsts romain in their full intensity, regardlcss 
of whether they are satisfied or not, is not a true analysis. The knowl- 
edge of values and of the conditions under which cnds may be realizcd or 
attained, actually chamges in some casos the cnds themselves. In other 
words, I would defend the thesis that there is no body of wisdom for the 
guidance of mankind which is or exn remain untouched by scientific knowl- 
edge unless the developmont of science itsclf is stopped. The devclopment 
of science is not morely ca means toward the realization of ccrtain values, 
but actually influences the course of valucs themsclvcs, the things thet 
men prize. 


Furthermore, let me point out that in our common wisdom (the mate- 
rial that some people think can guide us and is in some sense superior to 
science), it is often dubious whether the techniques do realize the cnds 
they pretend to realize. If, for instance, I say that "Procedure A rceal- 
izes cnd B," that is a statement in scicntific discourse, and whcthcr pro- 
ecdure A does realize that end, and whether it is the best way of realiz— 
ing it, is something which only scicsntific analysis can dctermince. Lect mc 
put it in another way. The rational control which we have of tcochnologi- 
cal discourse, that is, the discourse which aims to incite us to action, 
is ultimatcly found only in scientific knowlcdgc. Conscqucntly, it is not 


*cf. p.lO9of Profcssor Cohen's seminar. Ed. 


* 
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merely that our values themselves are affected by scientific knowledge, but 
the only control over our means for realizing the values that we have is by 
scientific knowledge, and I see no body of wisdom that can guide mankind 
which is independcnt of the increase of scientific knowledgc. 


That would lcad to a-socénd point. If itwwere truc that seicncc is 
important not merely as amcans and not mercly as a-control over our tech- 
niqucs, but important in influencing valucs themselvcs, then, of coursc, the 
educational importance of science and of the unity of scienee becomes very 
great. There is a tcndency in some reccnt educational proposals to minimize 
the wider cultural importance of science; and I do think that scicnee must 
present a morc intcgrateod-and wnificd.front if it is to have the educational 
significance that it should have. I call attention to the unity of: sciencc 
movemcnt and the possibility in colleges and. universitics of certain 
courscs dealing with the logic and history and cultural relationships of 
scicnce as one way in which science can continue to maintain the cduca- 
tional importance which it is culturally entitlicd to. 


Vil 


The last and final point centers upon a problom which is.connected 
with contemporary civilization. We find today a struggle between various 
types of minds for the future leadership of mankind, and the question sci- 
ence has to face and is in fact facing, is whether. it shall be merely a tool 
in the hands of some non-scientific mentality, or whether it shall be the 
basic and essential factor in the new mentality. I do not mean in arguing 
that science should perform this larger rolc, that science alone is cnough. 
We necd the artist and moralist and the cngineer. I have tricd to point 
out that scicntific knowledge givcs us the matcrial for forming rational de- 
cisions; it docs not take the placc of those dccisions, but it docs give us 
the material for forming rational decisions as to what we shall prize, and 
it does give us the only rational basis for improving the techniques to ob- 
tein and hold what we do prize. Looked at in this way, there can be no con- 
flict between science and human values. Science, art, and technology prove 
to be mutually supporting factors in a rounded personality or civilization. 


I will only add in conclusion my conviction that the fate of democ- 
racy and the scicntific habit of mind arc closcly intcrtwincd. Democracy, 
as Dewey pointed out long ago, is © moral conception and not a static body 
of political or cconomic doctrines or institutions. It aims to devclop a 
society in which each person can become a self, making his contribution to 
the lifc of thc socicty and being sustained in his development by the soci- 
cty. Democracy is, then,from this point of vicw,not e theory to be regarded 
as true or falsc, but away of life to be acecoteod or rejocted. The litera- 
ture of democracy is technological discoursc and not scicntific discourse. 
The acceptance of domocracy involves the accsptence of whatever techniques 
further the moral process that is democracy, that is, thc proccss of maxi- 
mizing the volue of the intertwined lives of individuals. It is on attitude 
incompatible with dogmctism, which is csscntially thc acceptance of cnds 
ond techniques withdrawn from the influcnce ond control of scientific knowl- 
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edge. if the end: of democracy is a moral end, then the compatible intel- 
lectual orientation is that of the scientific attitude. The years just 
ahead will show whether this end and attitude really permeate decply the 
American poople. It is an encouraging fact that a great department of the 
government has rcalized and sccn fit to stress the union of the moral 
ideals of democracy and the scisntific habit of mind, which togethcr consti-. 
tute the heritage and the promise of the Amcrican pcoplc. 
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SEMINAR 


' following the. lecture by. 
Dr. Charles W. Mortis . 


Office of the Under Scerctary 


Syllabus 


Summary of the lecture, Throc kinds of terms end scutcnecs. P. 174. 


The function of logic and mathematics. Logic and mathematics do 
not make statements about cxistonco; they arc scionces of symbols 
ond do. not compcte with the observetional scicnecs, P. 175. 


Tho ultimete goal-of unificction is not necessarily simplification, 
but rather to get a picture of the ectual situation. The goals 


are mony. Ono is the facilitation of conmunication through the 


whole ranges of scicnece. The systcmeatic charactcr of scicneo is 
inevitable. It is not so with other cetivitics--poctry for cxample; 


~ppe 175-176: 


Scicnee is not a collection of propositions, but is ~ system of 
propositions. ne limit of systemization in science is a unified 
linguistic.structure; this is so because prediction, which is the 
ultimate aim of scientific knowledge, involves so many different 
aspects of nature, one of them often boing man himself. P. 176. 


Some discussion of terms; pp. 176-178. A word on physicalian; | 
pe 178. ' 


‘Fads. in pseudo-sciénco; op. iyos1eL: 


More. discussion on mathematics and physics; pp. 181-186. 

fhore is an esthotic side of scicnec; pp. 187-188. 

Part of our work in the Department of Agriculture is scientific, 
and part is technological. Technological discourse should be con- 


trolled by science. Pp. 189. 


What constitutes confirmation of prediction (4. e. of a theory)? 


‘How does a scientist reconcile. confirmation with errors of obser- 


vation? Pp. 190-191. 


Human destiny need not be in. the hands of scientists, but we should 


demand that all technological discourse bo cleansed in the light 


of scientific knowledge. Science must invade every field 
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of decision and techniquc. "co must not allow sciencc to become sub- 
ordinated, to be consulted only whon donvoéniont. Pp. 192-193. 


12. ‘From science alone you will never deduce logically what ought to be 
done. But with thc bringing of scicntific knowlcdgc into the proc- 
css of making dccisions, mon's valucs take on a form or dircction 
that they would not takeéon without that knowledge. Values are not 
uniquely determined by knowledge. We must avoid an emotional atti- 
tude of venerating science. Pp. 194-195. 


Proceedings of the seminar 


DR. DEMING: In order to get started this morning, I have asked Dr. 
Morris if he would be good cnough to give us a brief summary of the most 
important points of his thesis yesterday. Dr. Morris. 


DR. MORRIS: An essential point was an attempt to approach certain 
human activities, including science, through a study of the linguistic 
media that they utilize for their purposes. It seems to me that in this 
way we have a concrete way of going about the study of such things as the 
nature of science and art and technology, and their relations to each 
other. Yosterday I tried to characterize somcthing of the language of 
science, in on attempt to orient the whole control of that language 
around what I took to be the function of science, namoly, to cnable us 
to make accurate predictions. It scoms to me that the. whole linguistic 
tool is trimmed for thc accomplishment of that single and csscntial pur- 
pose. 


Then I tricd to say that art, on the other hand, has as its 
function the development of a language for the communigation of signi- 
ficant cxpericnecs; and that technological discourse has as its function 
the incitement to action, the performance of certain techniques that 
are urged toward the accomplishment of certain ends. Morality, as I sec 
it, is a subspecies of technology--the most gencral aspect of human tech- 
nology. ; 


That was the larger intellectual framework. In running over it, 
I tried to distinguish in the language of science three kinds of terms 
and sentences: those which occur closest to the level of observation 
are called singular statements; they ascribe properties to space-time 
‘teogions. Then there is what I call the scicntific suporstructurc,, which 
falls into two esscntial parts, theories and the logical-mathcmat ical 
deviccs. The function of theories, as I sec it, is to givc us ways of 
gotting predictions from ccrtain singular statements; that is, given cer- 
‘tain singular statements, wo have cortain gcneral formulas in terms of 
which we can make predictions in the form of nev. singular statements. 
It seems to me that this is, the function of the theorctical superstruc- 
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ture of science, and that wo should not Limit that supcrstructure as some 
cmpiricists and positivists rc inclined to do. There arc levels of 

terms in the language of scicnece, and all torms do not inmediately relate 
to data of observation. The primary function of terms in the theoretical 
portion.of the suporstructure is to be so related to tcrms in tho substruc- 
ture that from singular stateomcnts we con obtain new singular statcmonts; 
it seems to me that this is the osscntinl basis for the control of the 
theorctical side of the superstructure. 


The function of logicad mathematics, on this vicw, is not to make 
statements about existence at all. If you want to regard them as sciences 
of anything, I think they are sciences of the formal relations of language, 
that is, sciences about symbols, and they therefore do not compete with 
the observational sciences.* They are not about nature at all in any 
sense. They are devices by which fro singular sentenecs, with the aid 
of thcorics, we can deduce now singular sentences. And so the function 
of mathematics and logic, as I see it, is part of the procedure of science, 
like telescopes and microscopes; they are not themselves knowledge of 
nature. If they are knowledge of anything, they are knowledge of certain 
formal relations between signs. 


DR. McCALL: As a lifelong disciple of the applicd scicnces, I 
should Like to hear you discuss the ultimate goal of unification, and par- 
ticularly whethor such unification ncccessarily means simplification. 


DR. MORRIS: I don't think it neccssarily means simplification, 
though I am inclined to think that that is the goal actually involved in 
the procedure. When we dcvclop a language from so many different points 
of view, as we do in the various scisnces, we undoubtedly obtain an un- 
neccssarily complicated language, and I should expect that there would be 
the possibility of great simplification. In fact, it scems to me that in 
some sense that is neccssary. Onc of the purposes, one of the practical 
results of the considoration of scisncc as a whole is that we should get 
o language that will permit spocialists in diffcrent fields to talk more 
readily together about their common problems and common concepts than 
they can do noWe 


The purposes, the goals, would be many. One is the facilitation 
of communication throughout the whole range of science. As I say, I 
think that will involve simplification, although I do not mean to assert 
that it must. Another purpose arises from the fact that science inevit- 
ably sweeps everything into its scope unless it is prohibited socially 
from doing so. It is bound to sweep itself into its scope, and the ‘sci- 
entific study of science seems just the inevitable extension of the sci- 
entific developmont itsclf. All scicnecs are involvcd in the science of 
scicnco, or what we might call "metasciencc.” So far as systcmization 
gocs, it scems to mc to be involved in the vory development of scicncec. 


* The reader may recall Profcssor Cohcn's remarks on pp. 101-102. 
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I think tho systcmatic charactcr of scicn¢o is ¢skcontial. ‘It is not so in 
poctry. Therc is no particular sense in which cach pocm must be conceived 
as forming a part within a largor poetic structurc. But in making prodic- 
tions, wo often have to go from singular statements about some part of the 
world to othcr singular statements about another part; and as I tricd to 
indicate, ecomomic beings, sociologi¢cal boings, chemical systems, intcr- 
acting and complex sociological systems, are not scparate as the scionces 
tend to be separate.* The result is that the making of predictions involv- 
ing factors in so many ficlds seems to mc inevitably to tend to systemiza- 
tion. Science is never c collection of propositions but it is « system of 
propositions. The limit of this develophent would be a unificd linguistic 
‘structure with a common sct of terms ond common lews that would embrace the 
whole field of sciences. I do not lay any stress on the reaching of the 
goal. But it does seem to me that the tendency towards this goal is in- 
evitably a part of a scientific enterprise. : 


‘I have noticed that many ‘scientists resent the unity of science move- 
ment in certain ways. That is a common reaction. Another common reaction 
anong the younger men is that thoy becomé too cnthusiastic about it. I 
think it is important to know that there is no panacea in the conccrn of 
science as a whole that will do the work of the individual scicntist in his 
special domain and therefore it should be looked upon as an cddition to sci- 
cntific interests and not as a wondcr-meking formula of any kind. In a day 
like this, thc tendency towards intcllectual systcmization is so pressing, 
such an cmotional factor, that this kind of thing is capable of cxploitation, 
which I think we must resist. I regard it simply as an adjunct to scienti- 
fic activity in general; by no mcans to supplant anything Saas goes on, and 
by no means a panacca. 


:DRe SEEGER: Dre Morris, I don't quitc scc ons point. I don't see 
how we are goiug to get a common word in the differcnt ficlds to cover the 
different meanings. As a mattor of fact it is a thing I rcsent when I find 
my psychiatrist frionds talking about mental cnergy and applying to the 
term mental cnergy all that is mecnt by the term cncrgy in physics. Could 
you give us one example where a functional term would bridgs two fields 
like that? 


g DR. MORRIS: First, let me point out that wheat you are asking for 
need not be involvcd. I mean that in making the scicnecs the object of 
your investigation, you would have to call attention to the many varia- 
tions in usages in terms. Take iron, as used by the chemist, or metallur- 
gist, or craftsman who is making furniture, and so forth; iron functions 
in many different ways, so the program is not precisely what you have in- 
dicated as necessary. On the other hand; it is true, isn't it, that if 


_* “as Dr. C. A. Browne once remarked, in effect, naturc is singularly un- 
mindful of man's arbitrary division of nature. Ed. 
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the economist is talking about man, and the sociologist and the chem- 
ist are talking about man, we do want ‘man't in some sense or other to 
be an identifiable term as. the object of all their investigations. 

They are all talking about man in some sense or other. You can simply 
define the term "man" as including all the attributes that the econo- 
mists, chemists, and so on, find in him--but this would not be very 
serviceable. 


There is, however, another part to the problem. Lect moe indicate 
it more concretcly this way. It is a thesis which some members in the 
unity of science movement hold. The problem is this: is it possible 
to take a number of undefined terms, upon whose usage the scientists 
will agree (in the sense that even though they don't define the term 
they will use it under similar circunistances), and then from these terms 
be able to state the meaning of all the terms in all the sciences? If 
this were so, we should have a terminological unity of science without 
blurring the distinction bctweoen the usages of terms in the different 
scienccs, 


DR. DEMING: Is not the dcfinition founded on the use of a term 
the only definition possible in science? 


DR. MORRIS: Yes, but we have to make the distinction between 
giving the formation of the rules for the usage of the term oxplicitly 
in teims of other torms for the simple reason that in any systcm in 
whi¢h you are going to define terms, there must be logically within that 
system somc terms that arc undefined. Now we actually try to select 
the terms that aré undefined in such a way that therc is a common agrce- 
mont of usage, even though wo cannot in the systcm statc the meaning of 
those tcorms. (That does not mean that there are undefined terms abso— 
lutely undcfinablc, for undefined tcorms in onc system may be defined 
terms in another system, There arc no terms strictly undefinable, yet 
within any system there are undefined terms.) Now the thesis of physi- 
calism is this: we can take a few terms from the language in which, 
in common use, we deal with what we call physical objects, like this 
table, or &@ pen, or a rock, and on the basis of those terms we then 
define or introduce all the terms in the physical sciences, and then 
all the terms in the biological sciencss, and then all the terms in the 
psychological and social scienccs, and finally even the tcrms in the 
humanistic studies--terms uscd in discussing psychology, art, and litcr- 
ature. 


Now, if that thesis is sound--and I think that there is very 
good evidence that it is sound--it wouldn't mean that you are trying 
to take a term like "man" ond define it by a term that would run 
through all these fields; but rather that you would be stressing the 
unity of terms in Btdnde in the sense that there is a single vocabu- 
Lary of seience such that from a few terms it is possible to state the 
meaning ot every other term. As I say, there are those who oppose it 
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in any form, and there are those who believe ‘that while science has that 
kind of unity, that unity cannot be based onthe terms that one encounters 
in dealing with physical objects. Some think we must take all basic terms 
‘in the social sciences, and some say from psychology, whereas physicalism ~ 
is a ‘thesis that the meaning of all terms in science can be stated on the 
basis of a few terms taken from the language about physical’ things. I my- 
self think that thesis is correct. ni think it is nena wipes to Cx= 


re ee ee 


a 


break nee in the serics, on ib to Beeler. biology, Rep? sciermec, 
and even esthetics; that we can construct -a single hierarchy of terms based 
on a vory fow, half a dozon at the most, undefined tcrms. I don't care to 
dcfend that Gute so much as to illustrate concretely what. would be in- 
volved. That would mean, that when you got to psychology or social science, 
you would have to take up the basic key terms and show how they could be 
stated in terms of other terms at a lower level of the hierarchy of terms 
you are constructing. If that thesis can be carried through, then you can 
show the unity of the terminology of science. I think you should in the 
meamtime keep your skepticism. I think a scientist should always be skepti- 
cal about anything. That attitude is inherent in scientific mon. 


DR. TABUSCH: I should like to ask about a different type of term. 
You use terms referring to objccts. Let's take a functional torm like 
rationalization, There is a tcrm which in logic and psychology has come 
to mean one thing, and in economics something diffcrent. Take cycle, such 
as you use it in business cycle; the word is carried over from physics; 
those words have history; language is an organic growth. I wonder how you 
would handle terms of that sort so as to reconcile whet practically amounts 
almost to a contradiction in terms. 


DR. MORRIS: Again we must always kecp im mind that our purpose is 
to exhibit the actual situation; sccond, if we can, to makc improvements 
in it, and kecp out tho panacecn element oumdete ly, simply making science 
the abject of our investigation. So far as wo have difforent usages, we 
must call attention to it. Part of the clarification would be otttlining 
the situation you mention, 


DR. TAEUSCH: Are you not attempting to create an Esperanto of same 
sort? 


DR. MORRIS: I wouldn't say that could not come or that you couldn't 
make some steps in thet dircction. There was © dictionary that a Canadian, 
I believe, got out some years ago. He wantcd to gct a dictionary all in 
English. That moant he had to have a cortcin number of tcrms to character- 
ize a number of other terms. It turned out that with - relatively small 
number of terms, 2 fcow thousand, it was possible to characterize all the 
other terms of English. Now you know the scheme of Basic English, where 
you have a basic vocabulary of 750 terms, with which it is possible to state 
an enormous amount of material, even scientific material. I believe that 
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our linguistic apparatus has become enormously unwieldy and complex, un- 
necessarily so; but how much actual simplification would be obtained in 
that procedure we shall have to see. . 


If you found the use of the sign-vehicle, that is, the sound or 
mark which is a sign, appearing in different places as different symbols, — 
then it isn'tt the same word in ay significant sense; it doesn't have . 
the same meaning. And if we wish to attain an orderly structure of terms 
in the sciences, it seems to me we should dispense with such terms. For 
instance, I have found it convenient to dispense with the term "meaning" 
in discussing the whole theory of signs. It is somewhat cumbersome not 
to use it, because we have to use whole phrases in some cases, but the 
term "meaning" has become so ambiguous and houses so many levels of an- 
alysis within it, that it has simply proved to be intellectually an obstruc- 
tion. That does not mean that if I were talking to you individually on 
the street I wouldn't use the tcrm "meaning." I would have toe We haven't 
@ vocabulary in which we can dispense with it, and such double meanings 
will continue in common specch. But within scicnec itself we can at 
least point out that such terms arc not the samc momings. 


DR. KELLOGG: I think your illustration points out a difficulty 
that is coming up in my mind all the time, whether in our extreme supposi- 
tions, not only in science but in all intellectual fields, we all have 
exactly that same experience. Now it happens that the speciality that 
engages my attention is relatively new, soil science. We have inherited 
a lot of terms from botanists and agronomists and biologists, and have 
had to do just like you, throw them out, not use them. So we are de- 
veloping a set of new terms. However, coven at the prescnt timc, iff a 
botonist or an agronomist or an engineer, or some othcr specialist, is 
devcloping some thesis or some subject which requires that he go into 
our ficld, then there is great difficulty. He has a combination of the 
old terms that we have thrown out, without his knowing it, and he hes 
also our terms for which he doosm't know the precise definition. Sa I 
an just wondering how you are going to do this thing without meking more 
errors thon you avoid. 


DR.» MORRIS: The point would not be that ail the scienecs would 
usc the same terms. It seems to m6 what you arc doing is perfectly cor- 
rect. If other sciences had similar bodics of tcrms, aman from one 
group could find the relation of your moaning to his by secing your toms 
in terms that would bo common to both groups. Not that the chemist 
must use the samc sounds that the biologist uscos--—that would tend, on 
the wholc, to confusion. In fact, I em inclincd to think thet that ten- 
dency should be opposed; e. g. the usc of terms analogically taken from 
physics, as was mcntioned before--"mcnt2il snergy," and naw the use of a 
pseudo-mathenatical terminology in psychology (the use of terms such as 
tensor in ways that are very remote from the mathematician's tensor). 

It seems to me that all this is apt to be intellectually very confusing, 
and the oral is not that the same sounds or marks should be used in 
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all the different sciences, but first, that there would be some common 
terms, as, for instance, if we are dealing with man in the different 
fields, we ought, somehow or other, to: know whether we are talking about 
the same space-time being. We then ought to have a kind of verbal chart 
or map in which the meaning of the tcrms in the different fields can be 
so characterized that interconnections between thom can be made so that 
one man may utilize the material of another for predictions that draw 
upon the matcrial from several fields. Othcrwise, if that is not really 
possible, then the scientific cntcrprise would come to an impassc, bo- 
causc none of the materials of one ficld could be used by any other worker 
in making predictions or computations. 


DR. KELLOGG: That is what a lot of them think now. 


DR. MORRIS: But if they go to the limit, the cnterprise of sci- 
ence is ended. 


DR. KELLOGG: I think your vision is a sort of huge cooperative 
enterprise where‘the basic material in the diffcrent spccialitics mects 
the specialist and moves up the scale, coming to the attention of men who 
develop the interrclationships. 


DR. MORRIS: Yes; the first point is to find the situation as it 
exists. It msy be that we shall come out with a recognition simply of the 
chaotic disunity of science and that nothing can be donc about it. If 
that wore so it would be & scicntific result. The point is to make sci- 
cnee an objcct of scicntific investigation. So I mysclf stress much more 
the general devclopmont of thc scicnec of scicnec than any spceial feature 
of it, such as the unity of sciencc. 


DR. KELLOGG: I think it would be an interesting enterprise, but I 
can see some enormous difficulties. In the more basic science, such as 
chemistry, you will find certain terms in agreement, such as the term 
"sodium," but in the newer sciences a lot of terms are just fads. Every 
man creates his own terms. Then another thing which: I think is true 
though maybe it isn't: the further away you get from chemistry, physics, 
mathematics, into all the prescnt-day fad-liks “"scicnccs," thc more you 
find people to be reacting omotionally to ths things they arc studying, 
and at the same timc that is the thing which confuscs us. 


DR. DEMING: Dr. Kellogg, if a group of pooplc headcd by Dr. Morris | 


would achicve some unification of scicntific tcims, it would only leave 
more room for the kind of people you arc talking about. 


DR. MORRIS: We could ask cach group of poople what it is doing:- 
arc you uttering scicntific or esthetic or technological discourse? You 
would be amazed what that simple question would do to political speeches : 
and articles in journals which pretend to be scicntific. Suppose cach 
speech or article wore‘ analyzed to find what part is scientific, what part 
is esthctic, and what part is technological; that would go a long way to- 


r 
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word ummasking it. If a scientist is talking csthetically, we ought to 
have some way of showing he isn't talking os‘s scicntist. 


DR. KELLOGG: That is one of my personal habits, but it doesn't 
increase my populnrity. 


DR. DEMING: Now we have had some discussion on the linguistic 
aspects of this ‘probiem, but there are a great many other questions 
that came up in my mind from the lecture yesterday, and I am sure also 
in the minds of others. 


DR. TUCKERMAN: I had several points in mind. I agree thorough- 
ly with the distinction between singular statement and generality, but 
disagree with the thought that there is one right theory and no others. 
I am reminded of some lines by Kipling, "In the Neolithic Age": 


"There are nine and sixty ways 
Of constructing tribal lays 
And every single one of tnem is right." 


I feel that the basic underlying theories of science, the relationships, 
must be the relationships which we cam verify, but the forms in which 

we express them whether by particles, or waves, or what: not, those forms 
can be shifted arounc to suit our convenicnce provided they do furnish 
us the same relationships, Further, I wonder about the supposed distinc- 
tion between mathematics and physics, mathcmatics bcing considered as 
something outsidc of and cntircly different in character from physics. - 

I understood you to say thet the physical sciences, chemistry, for ex- 
ample, were self-corrective in that chemists asked questions of nature 
and found that their assumed answers were either right or wrong. 


Is mathematics essentially different in this respect? Have not 
mathematicians throughout all history been asking questions about the 
ways in which people think, that is, thé ways in which people find they 
can agree that they are thinking correctly. Have they not all these 
years been setting up standards and canons of thinking and then going 
back and correcting them in the light of experience? 


I am thinking, of course, of the postulates of Kuclid and the 
mony, mony years in which the scicntists of the world felt the parallel 
postulate was an csscntial part of human thinking. Kent thought that 
and bclicved that the parallel postulate of Euclid was onc of the a priori 
judgments from which the human brain could not oscapc. We have come to 
find that it is not a necessary part of human thinking. I am thinking 
of the way Euler used to handle his series expansions. People used to 
think you could expand any function in a Taylor's series. Along came 
Abel, Bolzano, and Weierstrass. They said "No, that isntt correct think- 
ing, we must think otherwise" and in course of time all competent mathe- 
maticians agreed with them. So all through the history of mathematics 
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there has been a continual correction of the agreement as to what people 
will consider good reasoning. Why is it that certain mathematical reason- 
ing is today accepted by all of us? We say, "That is good reasoning," but - 
another man may come along tomorrow or twenty years from now and say it is 
not, and we may all be forced by his logic to agree with him. There is 
quite a bit of such disagreement in mathematics today. Isn't that on the 
same basis as in the case of the physical sciences? Are we not dealing here 
with part of this world we live in, the way human beings can agrec to reason 
and say it is right? 


DR. MORRIS: Well, as most of you know, the whole foundation of math- 
ematics is something pcople have been talking about a great deal in the 
last twenty ycars, Thore are two majar alternatives; one is whéther mathe- 
matics is really the most general part of empirical science (there are 
those that try to maintain that thesis), and in that case you wouldn't have 
anything in the seientific edifice but singular statements and theories. 
Mathematics would be the most general type of theory, and mathematics 
would be in that sense about the world. This is a rather congenial atti- 
tude to the empirical scientist. He is rather inclined to think that the 
statement "two plus two equals four" is somehow or other an empirical 
statement, just like "forco cquals mass times acceleration." The other al- 
ternative is that mathomatics is a linguistic mcdium.* Men may be able to 
state the sane truths about the world through diffcrent linguistic media, 
just as the German can state anything that happens, thc Frenchman can state 
anything that happens, and so on. There is no unique correlation betweon 
the French languagc ond nature such that every feature in the French langu- 
age is to be found reflected in nature. Gender in French, outside of the 
fcw cases in which it refers to sex, is only part of the formal structure 
of the language. It is a device for showing which words ere connected in 
which way; it does not refer to ths subject matter ct-all. So when you 
trenslate & French sentence about a white table, for example, une table 
blanche est belle, into English, you don't make any refcrence to gender in 
English; gender is not part of thc descriptive content of the sentence; it 
is a syntactical device. ‘And similarly some languages makc a great deal 
out of case endings. English prepositions are used instead of Latin case 
endings. Prepositions and case endings are different formal devices for 
accomplishing the same end, but there is nothing unique that determines our 
choice. We cam have a language like English or a language like Latin; we 
can say the same thing in either, tut our formal structure is different. 


Now that attitude has gone over not only into theory but into mathe- 
matics. You remember Poincaré felt thero could bo an infinite number of 
theories as an explanation of any given set of facts. And this attitude has 
led to a very intcresting vicw today, namely, that thcre is nothing absolute 
even about our logic. There are perhaps alternative logics; logic itself 
may in some gense or other be optional; it may be part of the formal struc- 
ture in terms of which we think about things but not itself uniquely deter- 
mined by things. 


* Cf. Prof. Cohen's similar statement; p. 103. 
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So if you put it this way, you are making your test dependent upon 
correct thinking. Science wants those modes of inference which will 
never lead us into falsity if the statements from which we start are true. 
That is, we don't ever want to deduce false propositions from true prop- 
ositions, J have grave doubts whether by "correct thinking,” from the , 
formal point of yiew, we mean more than a type of intellectual process © 
such that, given true statements, we can never thereby get false state- 
ments as deductions. Now, it may be that there are alternative proce- 
dures in that sense, alternative logics. We should all agree that if 
you have a true singular statement and make a logical deduction from it 
you will never get a false singular statement. It was of course the 
bringing into existence of the non-Euclidian geometry that sharpened the 
thinking about the subject-matter of mathematics. The position that I am 
representing here is that geometry in the mathematical sense is not an 
empirical science. We have to make the distinction between geometry 4s 
mathematics and geometry as physics. The latter (the problem of the na- 
ture of space) is a problem for the physicists. 


The investigation of the alternative geometrical structures gives 
the investigation of what theorems we shall get if we have certain pos- 
tulates. That is a mathematician's problem. From this point of view we 
could not regard mathematics as the most general empirical science. The 
various types of geometry, for example, would not from this point of 
view be regarded as general empirical sciences but they would be regarded 
as investigation of alternative linguistic structures. 


I don't want to defend the latter thesis. I want to make clear 
that there are these two attitudes, one trying to assimilate mathematics 
to empirical science, and the other trying to assimilate mathematics to 
part of the procedure or formal structure by which we may look at the 
world, this procedure being perhaps suppositional and flexible within cer- 
tain limits. 


DR. TUCKERMAN: Suppose we take the question of the representation 
of electromagnetic phenomena by a field theory or their representation by 
means of retarded potentials. By the latter one is looking at electro- 
magnetic phenomena in terms of action at a distance, and by the former in 
terms of immediate action. Those two can be shown to be equivalent in the 
sense that they both lead to the same results.* One is an easier way of 
handling the phenomena; that is the only essential by which they can be 
distinguished. They are two different ways of representing the phenomena, 
and both can equally reproduce the relationships involved. The method of 
retarded potentials is usually much more cumbersome than the other, 
though in some cases it is less so. Given these differences in the mathe- 
matical bases upon which the relationships can be reproduced I fail to see 
the distinction you make. 


* The reader who wishes to pursue this thought may consult Alfred 
O'Rahilly Electromagnetics, A discussion of fundamentals (Longmans, 1938) 
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DR. MORRIS: I am not competent to take the assumption you gave and 
press it through, but suppose we consider the difference between Newton's 
second law on the one hand, and the postulates in Euclidian or non-Euclidian 
geometry on the other. The law connecting force and mass and acceleration 
(Newton's second law ) is in some sense or other obtained on the basis of 
empirical generalizations, for instance, by the use of careful spring bal- 
ances in pulling a body and noticing how the acceleration depends on the 
masses. of the bodies. The argument there would be that in some sense the 
second law is based upon empirical material, and generalizing. (In gen- 
eralizing, there is a difficulty; there is a question whether it should 
any longer be regarded as true or false, or as some persons maintain-- 
Dewey among others--that the function of theory is purely instrumental, of 
going from singular statements to singular statements, and that we should 
not talk about a theory in its general form as if it were true or false.) 
Nevertheless, in this case it seems clear that the second law comes from 
certain types of empirical phenomena, and that it is empirical in a way 
that the parallel postulate is not empirical. Such would be the question. 


If you merely took over force and mass and acceleration and defined 
the relation to be such and. such, no longer regarded as open to any doubt 
whatsoever, simply laid that down as a definition, then of course you would 
be taking those signs as simply part of the structure of the language in 
which you are going to talk about facts. At that point the difference be- 
tween physics and mathematics would become difficult to determine. But in 
the ordinary use of science we do make a distinction. In the example I 
used,* (in saying that if one body has a mass of three grams and another 
has a mass of six grams, therefore the second has double the mass of the 
first), such a statement doesn't seem to be an empirical matter at all. 
Two times three equals six" is not empirical. “Double” involves that two 
times three equals six; the problem is not an empirical one at all. Where- 
as, if I say a given force would impart to one of the two bodies double the 
acceleration of the other, my statement is not simply something that follows 
from the meaning of terms, because empirically it might have turned out to 
be different; whereas it is necessarily true that if one body weighs three 
grams and another weighs six, the second does have twice the weight of the 
first. But I don't want to appear dogmatic. It-is a crucial issue in the 
foundation of mathematics as to whether mathematics can be assimilated in- 
to the general pattern of empirical sciences, or whether we should have a 
special group of formal sciences. 


DR. DEMING: I might say to Dr. Morris that when Professor Cohen 
was here. two weeks ago, he spoke of science as being self-correcting. And 
that raises the question of whether mathematics is simply a tool. I think 
you said yesterday that mathematics is a part of the linguistic apparatus 
used in scientific prediction, that it is one of the tools of deduction, but 
as Dr. Tuckerman brought up a few minutes ago, mathematics itself is self- 


* Section II commencing on p. 160. 
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correcting. It is self-correcting just.like chemistry and physics and some 
of the other seiences, Euler (1707-83) did certain things in the summation 
of series that we should not dare to do now, even if he did obtain useful 
results. Our notions of limits, convergence, and summations are different 
now, because it was found by Cauchy, Weierstrass, and others, that it is 
desirable to redefine certain concepts and operations. Euler went ahead 
and summed divergent series, or said this series represents such and such 
a thing, and wrote down its sum. And we shouldn't do it now; we have dif- 
ferent notions of summation. So even mathematics is ® growing thing. This 
is what Dr. Tuckerman was saying. I should like to know whether you con- 
sider gmathematics a science, Perhaps you have already answered the ques- 
tion and have nothing more to say, ani if so, don't stop. 


DR. MORRIS: No, I should like to add a point. I protected myself 
by a qualifying phrase, that the formal stiences can be looked at in two 
ways, either as sciences of signs (sciences of the formal structure of 
certain proposed languages) or as tools, that is, as the instruments for 
making deductions. Now I personally would hola the first as well as the 
second view. I didn't want to bring that in until now, because it com- 
plicates our discussion. There is a sense in which I think mathematics 
can be regarded as an empirical science, but if so it is a science deal- 
ing with the formal interrelation of signs. As an actual fact, whenever 
the mathematician thinks, as Peirce* stressed (and Peirce was the one who 
held the view of science as-a self-correcting process), he either has 
marks on paper or on a board, or has some type of imagery or imaginative 
diagram. Now it is possible to regard a demonstration in mathematics as 
an empirical process performed upon signs, though it would be different 
in important respects from the empirical process in science and chemistry. 
Still you would have mathematics within your linguistic sciences in this 
sense: ina demonstration, what you have are certain initial combinations 
of signs we would call postulates. Then you have certain rules of proce- 
dure, certain operations that are normally taken over from logic--certain 
techniques for deduction, certain rules for substitution, and so forth. 
You have a technique in which you make certain substitutions and operations 
upon your initial signs, Then you finally come upon another sign combina- 
tion which you call your theorem, and your "Q.E.D." might be regarded 
something like a statement in chemistry. If you take some starting point 
and do certain things, you come out with such and such results.. You may. 
find that if you take your sign combinations, which we call axioms in 
Euclidian geometry, and act upon those with the substitutions of the type 
you are permitted within the logic you are using at the time, you will 
come out with such and such a sign combination. If you want to regard 
mathematics in a sense as within empirical science, then I think you must 
regard it as a study of the formal structure of certain languages or cer- 
tain sign combinations, and I think you can do that. If you can do it, 
mathematics too becomes a self-corrective process. You might find that 
Euler made a certain kind of mistake in manipulating his signs according 


* ¢. S. Peirce, Collected Papers, vol. II, (Harvard University Press), 
This gives his views on signs, logic,and mathematics. i 
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to rule. 
DR. DEMING: But he got the right results. 


DR. MORRIS: That might be accidental. I would make a sharp 
distinction between the empirical sciences that do not deal with signs 
(such as chemistry) and certain sciences which do deal with signs. The 
mathematician, as a mathematician, is, from my point of view, studying 
and attempting to make true statements about the formal structure of 
certain proposed languages. He is interested in languages, the type of 
languages which the other scientists can then use as instruments of de- 
duction. So if you make them both empirical sciences, you have to dis- 
tinguish the objects about which they are empirical. In one case they 
are signs and in the other case they are not. In general, mathematics 
would be brought into science as part of linguistics rather than as Past 
of the general theory of nature. 


MR. GLICK: Since logic and mathematics, as a tool, enable us to 
go from one set of singular statements to other singular statements, and 
enable us to arrive at a basis for predictions that we didn't have before 
we had those tools, wouldn't there be some natural connection between the 
methods of logic and mathematics, and the external world out of which we 
have derived our singular statements? 


DR. MORRIS: I would reverse the picture. Because of the function 
which logic and mathematics must perform in the process of deduction and 
prediction, they must be controlled in the process; and it would be the 
same way about any other too}. You might try to think of what sort of 
harmony exists between a microscope and nature, but the point is that the 
microscope is controlled in terms of the functions it must perform, and 
our logical and mathematical processes are similarly controlled. So I 
would not start with just nature, which is barely reflected in mathematics 
and logic, as Peirce tried to do. He remarked that mathematics and logic 
should correspond with nature. I would rather look at it the other way 
around. If you want to avoid deducing false statements from true state- 
yments (and the predictive element demands that), you will in time elimi- 
nate those processes which do not conform to that requirement, and what 
you have left in your logic and mathematics are processes that give true 
Singular statements from true singular statements. 


DR. EZEKIEL: I just want to ask one question about your discussion 
a moment ago between mathematics and other sciences. Take the branch of 
statistical mathematics, particularly the theories of probability; don't 
you get into still another border line: probability,being not completely 
deductive,but in part inductive can fall part way between formal mathe- 
matics and the observational sciences. 


DR. MORRIS: I do not think it is different from the situation in 
geometry. You can conceive of it as a part of empirical science. In 
other words, part of the theory of probability is just part of mathematics. 
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Mathematical probability is not any different from any other branch of 
mathematics. The calculus of probability has the same kind of mathe- 
matical character that any other kind of calculus has. It has the same 
logical status as any other branch of mathematics. On the other hand, 
when you attempt to make an interpretation of that calculus in one form 
or-another, as in terms of the frequency theory, where. you make correla- 
tions between your abstragt ealculus and certain empirical happenings, 

it is the same thing as taking the abstract system of Buclidian geometry, 
and correlating lines and points and so on with actual objects in the 
world. Your calculus is transformed into an empirical theory. It is a 
question whether the world is Euclidian or not. When you take the cal- 
culus of probability and compare it with the frequency with which events 
happen or propositions are true, then you have given it this type of 
empirical correlation. The thing has taken on something of the empirical 
character of science. I doubt whether the theory of probability raises 
any special logical distinction. ._ Did you think that perhaps it ae a ae 
a new distinction that we have not been taking account of? 


DR. EZEKIEL: The only way it possibly involves a new distinction 
is that it is a theory based in part on happenings, empirical in that 
sense. Perhaps one could say that Euclidian geometry applies to almost 
all happenings on the earth. It is a much more generalized state of em- 
pirical happenings than in chemistry or physics. 


DR. MORRIS: So far as I can see, the theory of probability does 
not raise any new logical problem that is not raised by mathematics or 
empirical sciences. Some of you perhaps are familiar with some of the 
monographs that are beginning to come out in the International Encyclo- 
pedia of Unified Science.* I mention them now because one recently has 
come out by Ernest Nagel, Principles of the Theory of Probability, which 
discussed the process of nature in terms of what you are raising; that 
is, the various ways in which probability could be determined empirically 
in the calculus, and so forth. Also there is a monograph by Rudolf: Carnap 
on the Foundations of Logic and Mathematics; it is one of the most illu- 
minating accounts on the nature of mathematics and logic and their rela- 
tion to the empirical sciences. You will find the account I have given 
here is in the main of the type given in that monograph. 


DR. SEEGER: You have spoken of the science of science. Would you 
genee that there is pane? an esthetic side of science? 


DR. MORRIS: An esthetic side of science? I would say yes... 1 
don't see any object whatsoever that is not capable of being an object 
of esthetic precision. It seems to me that whenever we are attentive to 
value characters of objects as such, we are looking at those objects es- 
thetically. As you know, the mathematician takes peculiar delight, un- 
holy delight from the point of view of some of us, in seeing how condensed 


* Bibliography on page 172. 
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and elegant his presentation can be. His dream is to have something that 
will revolutionize the-world’on a page. The shorter it gets and the more 
elegant, the greater he is pleased. 


DR. DEMING: Not only that but he likes to see his equations set up 
in beautiful style, symmetrical and so forth. Often he accomplishes his 
artistic aims so well that a copyist or proenter, untrained in mathematics, 
will discover errors in BD he var 


DR. MORRIS: Yes. There is no reason whatsoever why one cannot take 
an esthetic attitude toward anything. It can become an object of poetic 
discourse. You can write a poem about it. Edna St. Vincent Millay has 
written a sonnet, "Euclid alone has looked on beauty bare,” in which she 
took beauty itself as an object of esthetic discourse. 


I had a very interesting afternoon with Martha Graham, the dancer, 
in the collection of mathematical models at the University of Chicago. I 
doubt if anyone had ever looked at those mathematical models as Martha 
Graham looked at them. She was perfectly fascinated by them from the point 
of view of the esthetic properties of formal structure, whereas I doubt if 
the designers had that attitude in mind, --theirs was a scientific attitude 
preeminently. 


I also think there is nothing that happens that cannot be.an object 
of scientific discourse. For instance, the scientist could investigate. why 
Martha’ Graham was interested in these sideocs as she was, or why Edna St. 
Vincent Millay wrote this poem when and as she did. ‘Theré is nothing that 
happens that cannot. be an object of esthetic ony, or Raa dis- 
course, or Bs noel a Sag arSCeus ae i 


DR, KELLOGG: i have seen a vatgtind tion that may be. considered ‘erude 
by a@ person that deals with logic, but which seems to me very useful: science 
deals with the relation of facts to facts, wheréas the. esthetical. deals with 
the relation of facts to man; and morals;-- “the: relation ‘of man’ to: man. © Those 
three great classes of relationships are ‘drawn. 


DR. MORRIS: Yes, I would think that is roughly correct. As it stands 
it is not a very precise scientific formulation. But from the point of view 
of technological discourse, as a useful way of getting a certain rapport ... 
between us, it is perhaps an effective statement. It suggests what I meant 
when I said yesterday that art presents things "interest- -wise," in terms of 
the yelue they have to some interested party. ) 


DR. KELLOGG: That is the big trouble in all science now; ‘some. of 


these so-called new and border-line sciences: have ceased to be ob JeC TNs 
Their participants react emotionally.* mete 


* See also Dr. Kellogg's remarks on p. 180. 
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DR. CHAPLINE: Is the chemistry of soils one of those emotional 
sciences? Pm 


DR. KELLOGG: Well, there are certain phases of soils that fall 
within that category, I think. 


DR. CHAFLINE: It seems to me that from a practical standpoint 
of the folks in the Department of Agriculture there are certain phases 
of science that approach very closely to what Dr. Kellogg has just said. 
Apparently we are not always dealing with science, but we are sometimes 
dealing with technology. We have often assumed that we were scientists 
and are dealing primarily with science in attempting to present our re- 
sults in scientific ha egal with a certain amount of technological 
interpretation... 


DR. KELLOGG: With our minds on some social and economic objec- 
tives, ’ 


REMARK: Most of our efforts in the Department of Agriculture, I 
would say, have a certain amount of practical application in the back- 
ground, or a practical problem that we can deal with. 


DR. KELLOGG: <A man can be practical’ without necessarily being 
emotional. 


REMARK: I am not thinking of being emotional, particularly, but 
we are at least dealing with technological problems as they have been 
defined here. Part of our discourse we attempt to make scientific, and 
then other parts must, from the very nature of our work and the possi- 
bilities of making use of it, be technological. I think the bulk of our 
effort is ‘the latter. 


DR. KELLOGG: I think what you mean there is that we reach the 
objective through a scientific jargon with a nonscientific approach. 


DR. MORRIS: I would agree with the first formulation. My guess 
is that most of the statements made by you men in the Department are 
statements in technological discourse, but as you point out--and that 
is what I tried to stress yesterday--the only control that we ultimate- 
ly have over our technological discourse is through science. Let me 
take a very crude illustration. Suppose there is a certain rule that 
surgeons would pass down to their internes, about operating in such and 
such @ way on such and such a disease. Now the assumption back of EG 
is that this is the most effective technique for realizing maximum re- 
covery, the aim of operative medicine. Suppose that a scientist were 
to find by a scientific investigation, that some hitherto disregarded 


’ ‘technique actually realizes the aim of recovery more adequately than 


the existing techniques; that statement would be a scientific statement: 
procedure A realizes the end B more effectively than does procedure C. 
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That would be a scientific statement. If medicine were alert and flex- 
ible, its technique would change as soon as possible, so new technolog- 
ical discourse would be issued by the surgeon to the interne as to how 
to operate; and here you have the scientific control of technological 
discourse. The only rational control of such discourse is through sci- 
ence. So I think an important point of part of the activities of the 
type that would be undergone here is to see that the technological dis- 
course is intimately related to the sciences upon which it can be based 
and controlled; and in one respect you therefore are scientists and in 
another respect you are technologists. 


A friend of mine offered a good example of the control of tech- 
nological discourse empirically in a primitive tribe. I mention this 
beeause we often have a notion that the primitive react differently. We 
have heard from the French anthropologists about the “pre-logical and 
mystical mentality" of the primitive man. We have a greater proportion 
of technological statements that are controlled empirically or scienti- 
fically; but primitives do it too, even if not to as great a degree. 
‘This was the illustration: my friend was making an analysis of certain 
rain-making ceremonies of American Indians. He requested the medicine 
man to repeat the procedure by which they were to get rain. This par- 
ticular man repeated it but left out a certain section of the technique, 
a section that consisted of lighting fires at night in different regions, 
and rushing out at the first streak of dawn to put the fire out. My 
friend said, “Why do you leave it out?" The reply was, “The truth is l 
don't take any stock init. One night we built a fire on the top of the 
hill, and we forgot the fire and didn't put it out, and the rain came 
down just the same." He said, “The next time I had difficulty getting 
my men to do it, but I had them leave two or three fires and the rain 
came down just the same." So he left out part of the ritual. His tech- 
nological discourse had changed through observational control. When we 
call him superstitious we only mean that we think further investigation 
would control other parts of the technological discourse that he hadn't 
yet controlled. I haven't any doubt whatsoever that five thousand years 
from now an analysis of many of our technological procedures will be 
found to have in them just the same element of emotion or magic, that we 
are now laughing at in this medicine man. 


DR. DEMING: Dr. Morris, the time is getting short and I dare say 
there are many questions yet to come. I think it would be well in round- 
ing out this discussion if you would say a word on the confirmation of a 
scientific prediction. You said that the second characteristic of a sci- 
entific statement is that the prediction that it makes can be confirmed. 
Who is going to say whether the prediction is really confirmed? You may 
write down a law, “force equals mass times acceleration," or some such 
thing, or predict a linear relation between two variables, but you never 
see it confirmed absolutely. There are always errors of observation when- 
ever you observe. There must always be some give and take between theory 
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and experiment.* Who is to take the responsibility of saying that the 
law is confirmed, when someone else could argue that it is not? 


DR. MORRIS: Well, the scientists are to say. Scientific knowl- 
edge is inter-subjective. I think that Peirce was the main figure to 
stress this view, and by the way, Peirce did much of his work in con- 
nection with the’ government, not in an academic career. Peirce seems 
to me to be the finest philosophic mind that America has produced. I 
think he is one of the half dozen great logicians of all time. He 
stressed the essential character of the scientific mind as probabilis- 
tic. I think that fits in with the widespread view that confirmation 
is always a matter of degree; it is never a question of regarding any 
statement as completely confirmed. 


DR. DEMING: Does it come down finally to human judgment, that 
somebody must be the judge, and take the responsibility? 


DR. MORRIS: It comes down to something more primitive than 
judgment: whether an expectation is thwarted or satisfied. Suppose you 
order beefsteak in a restaurant. As soon as the beefsteak is ordered 
you begin to act in @ certain ways You are now ready to handle a cer- 
tain kind of object, to get such and such a taste. You are all set for 
a certain kind of object. If a creampuff is brought in, all the expecta- 
tions you had and modes of procedure you were ready to adopt are thwarted, 
blocked, or inhibited. - Whereas, if it ig a beefsteak that is brought in, 
these attitudes are simply aroused to overt activity. This may seem 
very crude, but I think that such is the matrix of all confirmation: 
signs set up certain expectations which are then either blocked or reali- 
zed by the appearance of an object with such and such a character; the 
degree to which the expectation and prediction which we have formed on 
the basis of these signs are realized by the presence of the object de- 
termines whether we have a confirmation or not. 


There is no absolute confirmation. It can be shown in fact that 
from any singular sentence it is possible to deduce an infinite number 
of singular statements. Even the statement that this is a table is not 
subject to complete confirmation, because from the statement that this 
is a table, by the use of logic and the laws of science, you can deduce 
an enormous number. of statements and analyze a number of statements which 
would be true if this is a table. If it is a table, then we would mean, 
for instance, that we can get certain kinds of tactile sensations from 
it. We can do certain things to it. We mean that other persons will 
verbally react and report certain things about it. So we really have 
something like this:** if p, then q,r,sS,t,U,v, «.. The question is 


* of. Prof. Cohen's remarks on p. concerning curve fitting. 


E OF4 ile ie Stebbing, A Modern Introduction to Logic (Thomas Y. Crowell, 
1930) PP. 304—5 
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where are we going to stop in our confirmation that it is p? The answer 
actually is that it depends upon the purpose we have in hand. For some 
purposes, as if I simply want to write a letter, then the degree of con- 
firmation required is relatively slight. I pull up a chair, lean on the 
desk, and begin to write on it. It is a desk. Suppose at that point I 
begin-to doubt my own psychological process and become aware of halluci- 
nations. Then my confirmation would not be sufficient.» I would ask you 
whether it is a table. Then of course you might also have hallucinations, 
so I might have to control that. Some place along the line the confir- 
mation will be adequate. As my friend T. V. Smith likes to put it, the 
ultimate logic is the logic of fatigue. At a certain place with reference 
to what you have in mind any more confirmation is fatiguing, and the state- 
ment is taken as confirmed; but there is no absolute confirmation. 


DR. DEMING: I am sorry to interrupt, but I am sure when we carry 
this written record to the Under Secretary, who unfortunately is still not 
able to be out, he is going to be disappointed if we don't bring up the 
thing that you talked about during the last part of your lecture, where 
you said that scientists and science are in the hands of non-scientific 
men. JI should like to get your point of view on the question, should the 
situation be otherwise? If so, how can we as scientists do something 
about it? Maybe I misunderstood you. 


DR. MORRIS: I hesitate to begin to speak here on this because I 
have some rather grandiose thoughts on that point. I do not know how far 
they are scientific and how far esthetic or technological. My own emo- 
tions begin to operate at this place. You may remember a sentence in 
Nietzsche in which he asks where the "new nobility" is to be found. I 
think that as we look around at our fellow scientists, we do not take 
them to be the paragon of mankind; and I must admit that the scientists 
of my acquaintance are not always my picture of the new nobility; but on 
the other hand I do think there is something in the scientific process 
and scientific habit of mind that potentially is capable of furnishing 
the core of the mentality of the future. As I indicated, I think there 
is a vast sociological struggle going on, and that that struggle will 
decide whether science is or is. not to perform that role. 


It is perfectly clear that technological discourse is never re- 
ducible to scientific discourse. JI mean there is an element of decision 
. involved in technological discourse. Life is always more than knowledge. 
The question is, how far are we going to demand that all technological 
discourse be corrected end based, so far as possible, upon the most accu- 
rate kind of scicutific type of knowledge? I take it that when you say 
science frequentiy is in the hands of non-scientific minds, you don't 
mean to imply that human destiny should be wholly in the hands of sci- 
entists, but rather that we want the people who are not scientists, that 
is, who are technologists, to be constantly revitalized and cleansed in 
the light of the available kmowledge as to whether the techniques they 
employ and advocate are efficacious or not. In other words, we do not. 
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Want the technologist to determine in advance that certain technologies 
must be carried out regardless of the bearing that science has upon theme 


And now the question as to whether the future of mankind will be 
one in which the scientist is able to invade every field and to furnish 
a universal corrective to decisions and to techniques, is a crudial one 
for science, Jf it is not to invade these qther fields, then science will 
be blocked in its.own development; and as scientists we must all be inter- 
ested in the development of science. You see concretely how a scientist 
can be limited in certain spheres. The men in control don't always want 
their commands aired in terms of the scientific material upon which they 
are supposed to rest. That inevitably means that science becomes sub- 
ordinated to the position of an instrument to. be used when it is con- 
venient and discarded when it is not. It seems to me that such a state 
of affairs is not compatible with the furtherest growth of the potential- 
ities of mankind. And so I think that the question of how far the sci- 
entific habit of mind can function in society, so that society will make 
_ use throughout its whole structure of the scientific method and results, 
is enormously important; and the next decades may very well determine 
whether science contains within itself the essential seeds of the new 
mentality, or whether science will simply become one more instrument for 
the use of whatever purposes and powers happen to dominate at the moment. 


DR. TUCKERMAN: I want to present one question. You implied last 
night that science had in itself some means of determining what were the 
objectives. Now science says “If you do certain things certain things 
will happen, if you don't do certain things, certain other things will 
happen." Technology says, "I want to do this sort of thing,” and the sci- 
entist, “How shall I do it?" The question is, wherein can scienee say 
these are things that are worth while doing? 


| DR. MORRIS: Science cannot say that.* 


DR. DEMING: I hope you will forgive me if I disagree. . When a de- 
cision is required between two choices of procedure in life, it should be 
possible, if the choice is of any importance, to arrange an experiment 
that will decide which one of the two choices is the better, in the sense 
of which one’ leads to a more abundant life, or to greater satisfaction as 
Professor Conklin would put it. History provides a record of countless 
unplanned experiments of this nature. Surely the central objective in the 
medical sciences, and I had supposed so also in other sciences, is to find 
out which way or which procedure is best, in the sense mentioned. When- 
ever an experiment cannot be planned to answer the question, "Which things 
are worth while doing?" then the choice is only a matter of taste.** of 


* Dr, Conklin gave substantially the same answer on p. 74, 


** cf. the remarks at the top of p. 75, 


Seminar VII ~ 194 ~ 


course, science does not tell us that mankind "ought" to seek the greatest 
. Satisfaction, and doubtless that is what you meant when you said science 
cannot say these things. 


DR. TUCKERMAN: How shall this be determined? 


DR. MORRIS: That wasn't exactly my point. My point was not that 
science could itself scientifically state what values “ought" to be stated, 
because the statement that "X ought to be done" is a statement in techno- 
logical discourse and not in scientific discourse. 


DR. DEMING: How are those going to be determined? Are you going 
to say? 


DR. MORRIS: I admit there is an element of decision, an element of 
choice, an element of fiat, that is inescapable. It is inherent in the 
process of living. Living is more than knowledge.* Decisions must be 
made; courses of action embarked upon. From the statements of science you 
cannot mechanically deduce what decisions men ought to make. But decisions, 
even if they are not determined by scientific material, can be informed and 
enlightened by scientific material. You cannot deduce any statement in 
technological discourse from a body of scientific statements. That is a 
logical thesis which itself would need discussion; I have stated it tech- 
nologically for the moment. That is, from a scientific statement that can 
be confirmed, you cannot logically deduce a statement within technological 
discourse. Therefore, from science alone you will never deduce what should 
be done. 


I want to deny the belief that men have some fixed set of values 
which they use or have in all cases, and that these are impervious to a 
knowledge of the conditions under which these values can be reached and main- 
tained. In other words, I maintain that man's decisions are a function of 
a great number of things, including his knowledge of the difficulties and 
possibilities and ways of realizing certain ends or values, and that there- 
fore in the bringing of scientific knowledge into the process of making de- 
cisions, men's values take on a form or direction that they would not take 
on without that knowledge; it is not that values are uniquely determined by 
knowledge. But I want to oppose the educational movement which attempts to 
represent that there are two great classes of knowledge, scientific knowl- 
edge and wisdom--wisdom to be found in the traditional philosophers. You 
should read Plato or somebody else and get wise; having betome wise, you ,. 
know what to do, ard scrence will then tell you how to do it. We are told 
that there is no process in wisdom. Wisdom is final and complete once and 
for all, but science moves on in its humble ways, and gives new means for 
attaining ends that it does not affect. But on the view I have expressed, 
there is no body of wisdom that is impervious to scientific knowledge and 


* Dr. Conklin gave substantially the same answer on p. 74. 
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can of itself be left to guide human destiny. No one knows what man will 
want to do a hundred years from now or five thousand years from now, and 
to say there is a fixed body of immutable wisdom seems to be to be false 
to the actual picture. We must of course, make whatever use we can of 

the way men have decided to live, but this does not free us from the need 
of making our own decisions in the light of our problems and the available 
knowledge and techniques. 


I have a very firm opposition to this growing educational attempt 
to subordinate science in the cirricula of universities on the ground that 
it really cannot do anything but implement ends which we must get from 
elsewherey AS soon as you admit that, the self-appointed "men of destiny" 
will tell us where the other ends are to come from and what they are. 

From my point of view, there is no body of wisdom that is or should be 
impervious to control by ssience. There is no technological discourse 
which is not subject to control by science, as soun as we raise the ques- 
tion whether or not the technique is adequate for the attainment of the 
end in question. 


I have great belief in the significance of the scientific mental- 
ity for the future of mankind. On the other hand, I firmly believe we 
must avoid an emotional attitude of venerating science. The scientist 
is not the new nobility, but he might be an element in it if he learns 
that art and moral activities do not have to apologize to him at all. 
Esthetic discourse is just as important as scientific discourse, and men 
need motivation for action, as well as knowledge. If the scientist can 
be humble in not ridiculing every form of culture that is not his own, 
humble in realizing that his is only one activity among human activities, 
and if he yet can see the important function that science performs with 
reference to all other activities, in his humility the scientist canw 
become part of the new nobility. 
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Lecture VIII 
SOCIETY AND ORGANISM 


by Walter B. Cannon 
Professor of Physiology, Harvard Medical School 


In the auditorium 
li 


We are composed of extraordinarily unstable stuff, perhaps the 
most unstable stuff outside of high explosives. The eye is affected by 
an amount of energy that is about three-thousands of the amount required 
to affect the most sensitive photographic plate. If'the blood supply to 
the brain is shut off for only an instant we lose consciousness. ‘The 
amount of energy that passes along a nerve fiber is extraordinarily slight 
compared with the explosion that takes place in the muscular contraction 
which results from the passage of the impulse. These are illustrations 
of the instability, the high degree of sensitiveness of parts of the body. 
When we consider these high degrees of irritability of parts of the body 
and realize that the body presents an open system, a system in which en- 
ergy-yielding material is taken in from the outside and a system which 
delivers energy to the world about us, and, furthermore, that it is a 
system which develops from small size to large size-=when we consider these 
things all together, the fact that it continues in action and effectiveness 
for many decades seems almost miraculous. It not only continues in exist- 
ence in this way, but it stands knocks and cuts and bacterial invasions 
and all sorts of internal stresses imposed upon it from the outside and 
from our own activities. 


Now, if we survey the invertabrate and the vertebrate ranges of 
animals, we find that this ability to maintain stable states has been 
gradually achieved. How is it that there has been developed this remark- 
able capacity of our organism to keep stable states in spite of the fact 
that we are subjected to all sorts of exigencies and variations in the 
outer world, and all sorts of activities within our bodies which might 
disturb that stability? It is due to the fact that there has been evolv- 
ed what has been called by the great French physiologist, Claude Bernard, 
an “internal invironment,” or what I have called a “fluid matrix." Those 
are terms that require definitions. We ordinarily think of ourselves, 
you and I, as air-inhabiting animals, but if we consider for a moment the 
actual condition of affairs we note that we are shut off from the air that 
surrounds us by dead stuff. Over most of the body there is a horny scurf 
of skin, dead epithelium; and where that is not present, as on the moist 
surfaces, there is a layer of dead watery mucus. All that is alive inside 
these lifeless coverings is bathed in fluid. That fluid is the flowing 
blood in the blood vessels and the so-called lymph, the watery liquid ly- 
ing outside the blood vessels and serving in its boggy character as @ 
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means of transfer of material between the flowing blood and the living 

cells. We can regard ourselves, thereforé, as water-inhabiting énimals 
in the same sense that animals living in the Oeean can be so regarded. 

All that is living is immersed in fluid. Now stability, constancy, is 

preserved in the living parts because there is constancy and stability 

in the fluid matrix. 


I can illustrate some of the favorable conditions that have re- 
sulted from the development of these stable states. For example, there 
are devices in the organism that maintain uniformity of temperature in 
the flowing blood and in the more or less stagnant lymph. If the tem- 
perature tends to rise, there is an automatic device which causes the 
blood vessels of the surface to dilate so that there is a larger amount 
of warmer blood delivered to the surface for the diffusion of heat inte 
the outer air. If that doesn't prevail as a means of keeping the tem- 
perature from rising, there is a pouring out of sweat. Sweat cools the 
body much as the evaporation of water through the walls of a porous jug 
cools the water inside the jug, and the blood then passes close to the 
skin that has been cooled by this process of evaporation. If the tem- 
perature tends to fall, there is a contraction of the blood vessels, a 
contraction which prevents the warm blood in the interior from getting 
near the surface, and a shutting down of any secretion of sweat which 
might. be causing loss of heat from the body in that manner. If that 
doesn't prevail, there are devices that are set at work to increase the 
production. There is a little gland just above the kidney which secrets 
a substance called adrenaline, and that substance, circulating in the 
blood, is capable of very greatly increasing the rate of the burning 
processes in the cells, so that a greater amount of heat is produced. 
And if even that doesn't prevail, there is a further resource, muscular 
contraction, shivering, which is an automatic way of warming the body 
by means of the heat resulting from the contractile process in the mus- 
cles. We have, therefore, in these devices arrangements whereby the 
temperature is kept fairly uniform, whether the external air is warm or 
cold. JI told you a moment ago that these devices have been gradually 
developed. ., 


During the months which have passed the frogs in the pools have 
been down in the mud at the bottom waiting for the ice to melt so that 
they could rise to the surface and go on with the activities that they 
manifest during the warmer weather. They have no means of maintaining 
constancy of temperature and therefore take on the temperature of their 
surroundings. When, in the autumn, the water reaches a certain degree 
of coolness, they sink down to the bottom of the pool and there they 
remain until the spring comes. Reptiles, somewhat higher in the ver- 
tebrate series than frogs, still are limited by having no means of 
maintaining uniform temperature when there are variations in the outer 
atmosphere. They must hibernate during the winter. ‘They have, however, 


evolved another device, that of preventing a loss of water from their 
bodies; consequently they are freer, they do not have to keep near 
the pool, as the frog must in order to maintain his internal fluids. 
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They can live even. in the dry desert. 


I give you these illustrations merely to indicate that there has 
been a gradual evolution of greater and greater control over the fluid 
matrix which the higher organism produces, the internal environment in 
Which it.lives, and that just so far as there has been developed a con- 
trol over this internal environment, the organism is freed more and more 
from the limitations that are imposed upon it by the outer world. 


Another illustration:. We ordinarily have about 100 milligrams of 
glucose or grape sugar in 100 cubic centimeters of blood. We say 100 
milligrams percent. (I am using now the figures given by the older 
methods of determining blood suger.) If that concentration drops down 
to about 70 milligrams percent, there appears a peculiar reaction accom- { 
panied by sweating, by a rapid heart beat, by a dilation of the pupils ‘ 
and other indications of activity of the so-called sympathetic nervous 1 
system. The activity of that system is associated with a protective 
liberation of sugar from the liver. If that isn't effective and the 
blood sugar concentration goes further down, to 45 or 50 milligrams per- 
cent, about half the concentration that ordinarily prevails, there is 
likely to result a convulsive state, a state which is associated with a 
much greater discharge of the nerve impulses, and which results in a 
greater liberation of sugar from the liver. On the other hand, if the 
sugar concentration rises from 100 milligrams percent up to 170 or 200, 
then the sugar escapes from the blood through the kidneys and is lost. 


When the body temperature varies, there is the danger that it may 
rise to 108 or 109 degrees Fahrenheit, and bring about in certain brain 
cells changes which are irremediable; and if the temperature should fall 
too far, there is a danger that the processes in the body would all be- | 
come much slower than they are ordinarily and we should become very much 
less efficient. When the sugar concentration varies to extremes in the 
blood, we are exposed to the danger of convulsions, on the one hand, and 
to the loss of that material, and all the work that was necessary to. 
bring it into the body, on the other hand. Neither of those conditions 
is allowed. Corrective activities are set at work in the organism to 
prevent the onset of convulsions when the blood sugar tends to fall too 
low, and ordinarily there is a means of preventing an overflow through 
the kidneys. 


Take other illustrations. The concentration of calcium in the 
blood is about 10 milligrams percent. If it goes down to five milligrams 
percent, convulsions are very likely to come on; and if the concentration 
is doubled, i. e. if it goes up to 20 milligrams percént, the blood be- 
comes so thick, so viscous, that it hardly will circulate. These con- 
ditions do not occur. There are devices in the organism that prevent 
these things from arising. Again, as many of you know, there is a very 
nice balance in the body, in the fluid matrix, between an acid and an 
alkaline reaction. Ordinarily the blood is slightly on the alkaline side. 
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The pH--some of you will recognize that tertfiais about 7.4. Now, if the 
reaction of the blood becomes even to the slightest degree acid, if it 
drops down to 6.95, coma comes on, consciousness is lost. If the pH 
figure goes up from 7.4 to 7.8, convulsions are very likely to occur. 

We go through our daily lives, therefore, with the danger, on the one 
hand, of falling into coma, and with the danger, oh the other hand, of 
going into convulsions. Yet these are dangers that we are utterly un- 
aware of, because there are adjustments in the organism which prevent 
these harmful conditions from appearing. 


Let us note what occurs when a vigorous young man undertakes 
energetic exereise. We will say that he is doing a mile run. That de- 
mands sugar, because muscular work is done preferably with the use of 
sugar as a source of energy. If there is continued muscular labor for 
a long time, there may be utilization of the sugar stored in the liver 
to such a degree that it is largely depleted. There is the danger, of 
course, that sugar might be reduced in these circumstances so that the 
convulsive state that I spoke of earlier might appear. But that is not 
permitted. Also, in the course of extreme muscular work there is a 
large amount of acid produced, non-volatile acid, lactic acid. Enough 
lactic acid could be produced to overwhelm the alkali in the blood in a 
very short time, and thereby to change the reaction of the blood in the 
acid direction so far that coma would come on. Well, you don't see the 
young men who are engaged in vigorous physical effort--in intercollegiate 
competitions, for example--you don't see them falling into coma. There 
are protective reactions, set at work immediately and automatically, to 
prevent that disastrous situation from developing. The lactic acid has 
to be burned to a volatile acid which the body can readily get rid of. 
The reactions which take place are all directed towards supplying enough 
oxygen so that the lactic acid can be burned to volatile carbonic acid. 


The moment one begins to move, the heart beats more rapidly and 
the blood pressure begins to rise because there is a contraction of the 
blood vessels in the very capacious area of the abdomen. The blood 
vessels of the laboring muscles dilate so that the blood goes through 
them in larger volume. The general rise of blood pressure results in 
a faster flow of blood from the lungs, where the red blood corpuscles, 
the oxygen carriers, load up with oxygen and carry it to the tissues 
where the carriers unload and take on carbon dioxide which they trans- . 
port to the lungs for discharge from the body. Accompanying these 
changes there is a contraction of the spleen, which is a storage place 
for red blood corpuscles concentrated there, so that not only is there 
an inerease in the rate of movement of the corpuscles from the lungs 
to the active tissues, and from the active tissues back to the lungs 
again, but there is a larger number of these corpuscles set at work. 


Again, vigorous exercise is sure to be accompanied by a great 
jnerease in heat produetion. The body as a working mechanism has 
an efficiency of only about 25 percent, that is, of the energy turn- 


* pH = the negative of the logarithm of the hydrogen ion concentration 


expressed in moles per liter. 
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over in muscular activity, about 75 pereent appears as heat. As a con- 
sequence of this heat production during vigorous effort there is a danger 
of the temperature rising to such an extent as to be harmful to the organ- 
ism. But that doesn't occur. A person who begins to work vigorously also 
begins to sweat, and as he sweats his skin cools off in the manner I have 
already described; the blood from the warmed muscles, warmed because of 
the extra heat produced by their activity, when carried to the cool skin, 
loses its heat to the skin. Thus the temperature is kept from rising to 

a@ serious height. Some years ago I calculated that if the oarsmen in a 
four mile race, who are using all their muscles to the greatest possible 
degree, could not. get rid of the heat which they produce while rowing, they 
would be cooked by the end:of the third mile! That state isn't even ap- 
proached because there are the self-corrective arrangements in the organ- 
ism which promptly protect against that disaster. 


ye 


Well, these are some of the dangers that we are constantly exposed 
to and which we aren't ordinarily aware of and which we avoid because the 
fluid matrix, the internal environment in which our living parts reside, 
is maintained in a fairly uniform state by automatic devices. Now those 
devices can be classified according to whether they are concerned with 
supplies or with processes. We are ordinarily accustomed to taking in 
our supplies by three meals a day. The energy: yielding material which 
these supplies give us is being used up all the time, continuously. How 
-is it that the body manages to provide for this continuous use? It manages 
by processes of storage and release--storage in times of. plenty, and re- 
lease in times of need. When we eat a meal having an abundance of starchy 
food, that starchy food is changed to blood sugar, glucose. In the proeess 
of digestion, glucose is taken into the blood. Jt may mount up to near 
the danger line of being lost through the kidneys, that is, about 160 mil- 
ligrams percent. It:is then first stored for a time in the loose connee- 
tive tissue of the body under the skin, the regions that give us a water- 
blister when we have an injury to the skin, and later it is gradually 
stored also in the form of animal starch in the liver. There it stays 
until it is needed. If there is need, on account of vigorous physieal 
exercise, for example, it is brought out from storage. Also, if we have 
to engage in great muscular effort, as, for example, when we are afraid 
and may have to run, or we are angry and may have to fight, the sugar is 
likewise released from storage. Storage, therefore, is the means of 
adjustment between plenty and need. 


When constancy is a question of processes, the stable state is 
preserved by altering the rate of the process. We are constantly losing 
heat, Every one of us, at the present moment, is losing heat to the outer 
world because we are constantly producing heat by contractions of the 
heart, contractions of the diaphram, activities of the liver, and so on, 
and we must get rid of it. The rate at which heat is passed through the 
skin, however, can be varied. If a cold draft should come into this room 
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now, the process of heat loss would be promptly shut down by a contraction 
of our surface vessels; and if we Had to get rid of extra heat because the 
surroundings became warm there would be a dilation of the surface vessels, 
a larger amount of heat would be brought to the surface by the warm blood, 
and thus the rate of heat loss would be increased. 


III 


The dangers that I have described, dangers which might result from 
the failure of regulatory devices to operate, we know about only because 
the studies of physiologists have shown what they really are, and what 
the natural devices are which prevent their occurrence. The important 
question arises as to what value all this has for our conduct. ‘The 
value arises from the fact that there is freedom because of the absence 
of any necessity of paying attention to conditions in the organism that 
might make trouble. If we had to go through life saying, "I can't pay 
attention to what you are saying now because I have to see what my blood- 
sugar is. If it is too low, I must get out some more sugar and forestall 
a convulsion that I might have if I don't attend to it promptly." Or, "I 
have to be careful about too much acid in my blood and make sure that I am 
not going into a coma." All these protective and corrective arrangements 
have been gradually evolved in our bodies through hundreds of thousands of 
years of hard racial experience. They have more and more liberated us from 
the vicissitudes of our external environment and from the disturbances that 
we produce in our internal environment by our own activities. They have — 
made it possible for us to go on doing the work that we want to do, doing 
vigorous work which produces heat, which uses up sugar, which develops acid, 
doing that vigorous work without having to pay attention very much to what 
is going on inside us. Automatically, all this is managed. 


The question that I want to raise is whether there aren't some gener- 
al principles of organization, whether the body through this long, long ex- 
perience hasn't learned certain lessons that may be useful to us, whether 
the body biologic hasn't some suggestions to offer to the body politic. The 
resemblance between the body biologic and the body politic, the similarity 
between the two,has long been noticed,from Bible times, through the times of 
the Greek philosophers, down to the present. The comparison between the two 
has been in a certain amount of disrepute.. Sociologists say they don't get 
very much out of the comparison. Most of the comparisons of the past, how- 
ever, have been concerned with analogies of structure. For example, the skin, 
which is a protective armour, is a fortress. Again, there is the digestive 
tract, which is a commissary department. There is the digestive process, 
which is a sort of kitchen. And then there are the white blood corpuscles, 
which are scavengers, and so on. I don't wish to call attention to resem- 
blances of that sort. I wish rather to lay emphasis on resemblances OL Of 
ganization, and perhaps to arouse interest in the possibilities of applying 
the experience.of the organism, which has learned the trick of stability, to 
social conditions; and I want to do so by comparing processes instead of 
comparing structures. The cells of the body, of course, have developed a. 
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very high degree of division of labor and in association with this division 
of labor they have become fairly fixed in their positions. As relatively 
fixed units they have become dependent upon organization. The cells that 
are tucked away in the remote nooks and corners of the organism, far from 
the surface through which oxygen enters the body or carbon dioxide leaves 
it, or far from the surface where food is taken in or where the non-vola- 
tile waste is lost--those cells mS depend upon organization for their 
well being. 


Now the workers in modern society have also become specialized in 
their activities, There has been a larger and larger degree of division 
of labor as industry has become more and more complex, and to a consider- 
able degree the workers who are thus specialized become fairly fixed in 
their positions in the population. They become simultaneously less and 
less capable of supplying their own needs. They cannot make their own 
clothes, they cannot grow their own food, they cannot get necessities of 
other kinds which come to them from remote parts of the country or the 
world. They are like the cells of the body, dependent upon organization. 
We know that the complexity of conditions in the organism of the higher 
vertebrates and in the political or social organization has been the re- 
sult of a gradual evolution. I have pointed out that there has been a 
growth of control of the internal environment of the vertebrate organism, 
which has thereby gradually become more and more freed from the disturb+ 
ances in the surrounding world and also from internal disturbances, all 
because of the development of constancy in the fluid matrix. Is there not 
a possibility that our social organization likewise is undergoing a gradual 
evolution? May not it be in a state where control over an internal environ- 
ment is important for maintaining stability? If there could be developed 
a fair degree of stability, would there not be a consequence in the body 
politic something similar to the Conse ae in the body biologic, that is, 
a greater degree of freedom? 


Here I must call attention to a difference between the units in the 
body politic and in the body biologic, because the units in the body pol- 
itic have intelligence, and possibilities of using that intelligence. in 
interesting ways. I think that if we consider the body politic as a social 
organism, we can see that at present in its organization there is much that 
is subject to very serious criticism. Stability is strikingly absent. 
There are great oscillations of economic conditions. There are flush times 
and depressions, and in this state of economic chaos there are tragic and 
cruel consequences: with grain elevators bulging with wheat, people are 
hungry; with growers of cotton and wool having difficulty in finding a mar- 
ket, people are in rags; and with factories closed, men eager to work are 
kept idle. Financiers have tried their hand at settling this situation, 
and one of the greatest of them, Sir Montague Norman, declared that he re- 
gards the situation with great humility, confessing that it is too much ~— 
for him. The managers of great business enterprises have suggested nation- 
al economic concils and trade associations, Labor leaders have suggested 
the shortening of hours and other concessions to labor. And therefore I 
think we may be assured that the social organization has not yet reached 
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a condition which is comparable to the organization which each of us car- 
ries around within him as a mechanism Rokk has become capable of maintain- 
ing stability and steadiness. 


IV 


What are some of the suggestions which the bodily organization has 
to offer for betterment of the social organization? What corresponds to 
the fluid matrix of the body? Well, here I have only suggestions to offer, 
and they must be taken critically. We must watch our steps carefully in 
drawing analogies, nevertheless these suggestions may lead to further dis- 
cussion. It seems to me that the fluid matrix of the social organization 
is the system of distribution--the system which underlies commerce--the 
rivers, the canals, the roads, the railroads, the trains,the trucks, all 
the arrangements we have for distribution, including the wholesale and the 
retail purveyors in this vast and intricate stream of commercial distribu- 
tion. In this stream, manufactured goods are put in at one place and car- 
ried to another place; farm products are put in at their origin and carried 
elsewhere. And in the operations of this fluid matrix of the social organi- 
zation you can take something out of the stream only when you put in some- 
thing of equivalent value. But it is usually not easy to do that immediate- 
ly or to provide the full equivalent, we will say, at the same time that you 
take out a certain amount, and consequently we have money as an extension 
of the method of exchange; and associated with money, credit. Thus money 
and credit become part of the fluid matrix of this vast system of distribu- 
tion of goods from individuals in one part to individuals in another part 
of our great social organization. 


What has the body to suggest further? First, that there should be 
& constancy of the social fluid matrix, that is, that there should be a 
certainty of distribution of necessaries, a distribution of food, of cloth- 
ing, of the means of keeping warm, of assistance in case of injury or dis- 
ease. That is what happens in the body, and there is the hint that it should 
be true of the social organism as well. This doesn't mean a rigid social 
system, but one that is adaptable, one that would prevent a glut of supplies 
at one place and a lack of them at another. It could be managed by storage 
of supplies in times of plenty, and their release for distribution in time 
of need, precisely as in the organism. And if processes need to be altered 
so as to bring about constancy of the social fluid matrix--that is, constancy 
in the commercial stream--then processes, labor processes, for example, might 
be augmented in their rate in certain circumstances and decreased in other 
circumstances. 


Another suggestion is that stability is more important than economy. 
The body throws away water, if there is excessive water taken in. It throws 
away salt if an excess of salt is taken in. If there is too much sugar, sugar 
overflows the barrier presented by the kidneys and is lost from the body. 
If the body temperature tends to fall, there is muscular activity, a real loss 
when one shivers, because one does no external work. There is only internal 
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work, a depletion of material in order to prevent a drop of’ temperature-- 
a wasteful process, but one which preserves a constant state. 


Furthermore, stability is assured by what the engineers call a 

margin of safety. The body biologic is not built on any skimpy and nig- 
gardly plan. We have two kidneys and we need only one. We have twice as 
much lung surface as is required; surgeons can take out a whole lung on 
one side and the imdividual will still live. A large amount of the in- 
testines can be removed; about two-thirds of the pancreas can be taken 
out; half the thyroid gland. These are illustrations of the fact that the 
body has arrangements in itself for maintaining stability by a wide margin 
of safety in its construction. 


Another suggestion is related to the sensitive signals of change, 
possibly dangerous change, in the body biologic. A constancy of the fluid 
Matrix is maintained because when there is a change in one direction or 
the other there are automatic signals which prevent the oscillation from 
going to a dangerous degree. If we exercise even slightly, there is an 
extra production of carbonic acid that stimulates the respiratory center; 
almost instantly we begin to breathe deeper and get rid of the extra car- 
bon dioxide and also the danger of accumulation of acid in the blood, If 
the blood sugar goes down to 70 milligrams, there is a signal which re- 
sults in setting at work corrective’ devices that liberate sugar from the 
liver. It is hard to believe that there could not be found, through a 
careful study of processes in the commercial world, signals that would 
warn against the great oscillations that we have all experienced. You may 
recall that in the late twenties everybody was saying, “The United States 
has just struck its pace, We are going onward and upward. This is the 
real tempo of our country." dAnd then came the terrible crash of 1929. 
That sort of disaster ought not to be a possibility; an application of in- 
telligence to the economic situation should discover signals indicating 
that conditions are oscillating too widely. The mechanisms of stability, 
I believe, can be learned. 


Furthermore, there is the suggestion from the body that there should 
be a special organized control, a control given by society itself with pow- 
er to regulate supply and demand, power to store goods in times of plenty 
and to release them in times of need, power to retard and accelerate proc- 
esses, power to lay aside wage reserves for temporary unemployment, power 
to train labor in new skills when there is a necessary change of labor ac- 
tivity. In the body there are these arrangements, and they are automatic. 
Because they are automatic we are free, free to do all sorts of interest- 
ing things, free to engage in activities that are of interest to us, free 
to play, free to work, free to enjoy art, to engage in discoveries and 
adventures, free to satisfy all of the spontaneous interests which develop 
in us when there is no pressure on us to pay attention to the necessgries 
that are at the basis of our well being. 
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Finally, the question to be considered is whether stability in 
the body politic may not have the same effect that it has in the body 
biologic, whether an organization that would provide the stable states 
that I have described might not favor freedom of the individual. ‘hat, 
I think, is the central question. Can we have a social organization in 
which we would enjoy the degree of freedom which we now enjoy, and which 
would show the stability which the body shows? lust an organized society 
interfere with our freedom to such an extent that each one of us is fixed 
firmly in place? I am inclined to think that by the application of human 
intelligence, perhaps by taking the suggestions that the bodily organiza= 
tion has to offer, it would be possible to develop a social organization 
in which there could be much greater stability than we now enjoy, and 
along with that, a preservation of individual freedom. 
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Syllabus 


As units in the social organism, we have intelligence, and that constitutes 
a striking difference betweem the cells in the body and the units in the so- 
cial organism. P. 208; see also p,. 203. 


In a stable organization of society, the members who make contributions 
would be assured of the necessaries of life, and. there would be the same 
freedom as the body enjoys. People can do their best work when they are 
free of worry. Leisure for non-competitive intcrcsts results in many bene- 
fits to socioty. P. 209. 


The use of leisure time is a scrious problom; p. 211. 


Rogimentation would not bc necessary in the stabilized society, except that 
organization would be roquircd for teaching workers new skills when now in- 
ventions appear. P. 209. 


The ‘body is not a dictatorship. All our cmotional reactions to experience 
are dependent upon conditions within us. P. 210. 


The organizations of some of tho lowcr forms of lifc, such as amts and becs, 
do not allow free play, and have been rigidly fixed for millions of years. 
But the brain of man allows his social organization to move more zapidly 
and to adapt itsclf to changing conditions. P. 210. 


There should be freedom of movemcnt inside the organization, but mon should 
be provided with informetion conccming the difficulties of changing fram 
one job to another. Thero arc persons who have ombitions beyond their capa- 
citics, and they should know the obstacles confronting them. P. ell. 


A closcr cooperative system botiecn governments would be a closcr cnalogy of 
what we have in our bodics. P. 214. 


Society has gradually become morc and more complex and in the course of 
that cvolution it has become more and more free fram the disturbences of 
nature. The prescrvation of food in storage is one cadvancc. P. 214; also 
pe 204. / : 


Men must devise mcans of avoiding the extreme shifts of cconomic conditions 
that we have seen during the last dccade. In the body biologic thcre are 
warning signs that indicate danger, amd second and third lines of defense 
will be called into play if necessary, to enforce constant conditions. 

P. 215; saleoupe (205. 


The body often achieves its stability by being wasteful. It is built with 
a wide margin of safety. P. 217; also pp. 204-205. 
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DR. BLAISDELL: This group, Dr. Cannon, meets regularly Thursday 
mornings following the lectures in the auditorium for the purpose of 
following up, if possible, some of the points made in the lecture and ex- 
ploring the implications of those points, and for the purpose of engaging 
in an informal discussion generally. We don't have any formal or regular 
system or procedure in here except that we don't allow anybody to talk too 
much. 


DR. CANNON: (After a pause) Am I supposed to ask the questions, 
or are others? (Laughter) 


DR. BLALSDELL: Well, you see, I said we didn't have any set pro- 
cedure, so if you feel impelled to ask a question, it would be all right. 


DR. WINTERS: Dr. Cannon, you spoke of an analogy between the divi- 
sion of cell work in the body and the organization of society. What 
could we learn from societies, biological societies, as they work together? 
We recognize in insects such as bees, certain societies. In our social 
structure, aren't we handicapped in some cases, maybe helped in others, by 
our biological nature? Our psychologists have made certain tests, have 
found certain psychological reactions to be fundamental. Aren't we bound 
by certain biological inheritances as members of society? 


DR. CANNON: I think that the striking difference between the unit 
cells of our organism, and ourselves as units in the social organism, is 
that we have intelligence and a possibility of individual adaptation to 
different circumstances. In the body, of course, most cells are strictly 
fixed. There are men, I think the psychologists will tell you, who like 
to be fixed, who like the routine job of every day, who don't like to 
have anything else to do. They do their daily task, get through with it 
and come the next day to do the same thing over again. And there are 
other persons who wish to move about, they don't like to be limited to any 
special work; they want freedom to get into something else. I suppose 
there are two ways out of the latter situation. One is to make arrange- 
ments for a certain amount of flexibility in the social organization, and 
the other is to insist that persons who wish to make changes shall make 
them in accord with a plan, including notification and adjustment, to allow 
shifts to be made. There is obviously a definite difference between the 
fixed units of the biological organism and the motile units of the social 
organism, so far as there is a social organism. 


DR. WINTERS: You have a natural and fixed coordination with your 
bodily srganization. In free society we don't have it, except as it 
strikes the majority of society. You have coordination in your bodily 
organism and coordination between the speeialized cells. Is that due in 
part to our biological inheritance? 
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DR. CANNON: I think we have a considerable amount of coordination 
in our social set-up. You are concerned with the farmers who arc doing 
onc thing, and there arc othor departments in the government concerned 
with industry and othcrs concerned with commerce. These arc divisions in 
the social organization that’ arc comparable in some respects with the di- 
visions in the body functions. 


The qucstion has becn raiscd whether there aren't two types of free- 
dom that were being discussed yesterday. That is an intcresting question. 
The frcedom from paying attcntion to call the dctails of constancy in our 
own bodies is a freedom which allows us to make almost every manner of ad- 
justment that we wish with the outer world. We can work as we wish, or 
play as we wish, in our free time. We can contrive inventions. We can 
paint or modcl in clay. Thore are cll sorts of interesting things that we 
are free to do becouse we aren't bothered with details of bodily functions. 
Now, the point that I tried to make at the end of the talk. yesterday was 
that if there were a stable organization of society, so that individual 
members who make contributions, were assured of the necessaries of life, 
that condition would contribute to the same sort of freedom that we enjoy 
as a consequence of automatic management inside our bodies. We should be 
freed from the worries and anxieties of providing for the necessaries. I 
think, perhaps quite naturally, of the situation that prevails in academic 
circles where we have fairly fixed positions... In those positions we have 
assurance of continucd service, and as a conscquence there is Libcration 
from anxictics and worrics that might ariso if security of tcnure didn't 
prevail. Of course, there arc persons who would hcsitatc to think of all 
socicty in such torms. Thcy say that if you don't have uncortainty of a 
job, you won't got work dono. I don't think that is neccssarily true. In 
tho Army and the Navy, isn't thcro an illustrative examplo to the contrary? 
I imagine that to a considcrable extent the situation is similar in the 
civil service of the government. Is there slacking on the job because of 
security? I doubt it. 


DR. SEEGER: Dr. Cannon, is some sort of regimentation implied as 
the ideal? 


DR. CANNON: I don't think so. Perhaps regimentation to some de- 
gree would be required among workmen of routine type--manual laborers. 
Suppose there is a new invention which suddenly puts a group of them out of 
work altogether. Well, there are two alternatives. One is for them to 
suffer, the other is to be organized and be taught new skills, so that they 
learn something which will adapt them to a new situation. That would re- 
quire a:certain amount of regimentation. On the other hand, in the long 
run, it seems to me that that would be better than simply being thrown out 
of work altogether, 


DR. SCHVARZ: Dr. Cannon, in comparing the biological organism to 
the social organism, I think it is quite casy to justify totalitarian 
states 6n biological grounds, because in thc biological organism the cen~ 
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tral nervous system assumes a dominant position and the other organs come, 
so to speak, under the direction of the central nervous system. Is it 
possible to find a similar justification for democracy? . 


DR. CANNON: I don't think the organism, your body and mine, is an 
autocratic, totalitarian affair. Rather, it is a democracy. We might 
think of the brain as in control of the body, but the brain is utterly help- 
less if there is a momentary check in its blood supply, so helpless that we 
instantly fall to the floor in a faint. The brain is dependent, immedi- 
ately dependent, upon a proper blood flow through its vessels. And back 
of that is a proper supply of oxygen by the working of the respiratory sys- 
tem. And still further back is the provision of food by operations of the 
digestive tract. Our bodies represent a cooperative organization and. not 
an autocracy. 


DR. BELL: Isn't there a definite stimulation of the mind also tha 
comcs from all over, from the toos, overywheore, more or less dominating .tho 
thing that the brain is going to do? It seoms to mc ‘there is one of the im- 
portant fcoaturcs to bring out in connection with democracy, the body is not 
a dictatorship at all, becausc the brain is undcr domination of other parts 
of the body. 


DR. CANNON: Quite so. All of the emotional reactions to experience 
are dependent upon conditions within use The one thing in our organization 
that is in the nature of crime and autocracy is cancer. When cancer cells 
get busy they dominate the organization and destroy it. 


DRe DEMING: Dr. Cannon, do you find in the study of other creatures 
of the earth, such as ants and bees, wild animals such as the wolves, and 
so forth, that they are organized more on a biological basis? Do they have 
the same difficulties as men in the conflict between the individual and the 
group? Perhaps you have already expressed yourself on this point. 


DR» CANNON: I think the ants and bees, for examplc, are very unfor- 
tunate organisms, if I may say so. In some instances the females are all 
destroyed or the malcs all destroyed; there arc neutcrs around, and the 
guccen, but the organization is so firmly fixcd thot I suppose for millions 
of years there has been no progress. I am subject to correction here by 
anybody who knows the habits of these forms better than I do. They illus- 
trate, I think, one of the dangers of a social organization which doesn't 
allow free play of the peculiar equipment of mankind, which is his brain. 
With this marvelous organ for adaptation and adjustment and discovery and 
invention there are all sorts of possibilities that the lower forms do not 
possess. With freedom from.worry about what is going on inside us, and 
freedom from worry about external conditions, I mean the essential condi- 
tions for existence supplied from the outside, we can engage in many kinds 
of activities which are non-competitiwe and which may be of very great so- 
cial interest. Charles Lamb was a clerk in the Indian office, wasn'tt he, 
when he wrote his delightful essays? If I am not mistaken, Spinoza had an 
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incidental job when he was at work on his piilosophy. And I haven't looked 
this up, but I have a memory that Hawthorne was in govermment service when 
he was writing same of his most interesting work. Then there is the possi- 
bility of inventions which would be serviceable to society and which an in- 
genious: person with freedom could undertake, 


DR. SEEGER: It seems to me, though, that most of these are cmccrned 
With the freedan for rather intelligent individuals, and thet our society 
deals with so many individuals who are not content with just the necossaries, 
that they wont what they call the luxuries, and that would mcan a complete 
redistribution, wouldn't it, of economic values? How is it possible for 
these people to be free to gct their luxurics? 


DR. CANNON: I think therc you have raised a practical question 
which is right before us. We are confronted with a situation in which mach- 
ines have taken the place of manual labor to a very great degree. Conse- 
quently, more and more laborers--I am talking now of the group of manual 
laborers mainly--have less and less to do. That presents a problem of what 
to do with free time. What shall we do with leisure? The use of free 
time is a very serious problem, and I don't think it has been properly or 
sufficiently considered. It is a pressing problem now, and, of course, it 
would be sure to become more urgent with a larger extent of freedom. 


DRe SEEGER: I had in mind also aman that has a position in which 
he has a certain amount of freedom, but he decides he would rather have 
another position because in that other position he can have more: money to 
do the things he wants to do. Now it seems to me that is where our con- 
flict comes ine The difference betweem a biological organism and the body 
politic is this: in biologics a cell in the foot doesn't say, "I would like 
to be a brain cell;" but there are people wio see other people md say 
"I would like to have that job; I would like to have his house and his 
motor car." That is where the trouble starts. 


DR. CANNON: That question was raised earlier. It is a question of 
movement inside the organization. It would be important I think, to pro- 
vide diffusion of knowlcdge concerning possibilities. Suppose a man does 
want to get a more reminerative job and there aren't any such jobs, or the 
difficulties of transferring are so great that he runs a considerable risk 
if he makes the attempt. Information to that effect, it seems to me, 
would lead the man to hesitate, and possibly refuse altogether to try to 
change. There are persons who have ambitions that are beyond their capaci- 
ties and they don't make the grade anyhow. They should know the obstacles 
confronting them. 


DR. BLAISDELL: Dr. Cannon, your talk yesterday opened up a cosmic 
hotizon for me, if I can use that phrase, because I thought I found in it 
a substantiation or reason why we could continue to have faith in democra- 
cy as a form of government and as away of life. 


Just let me give you my thought process very briefly. If I under- 
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stood what you said yesterday it was that when we consider the body as an or- 
ganism and when we remember that it has been evolving through a long, long 
period of time it had changed from a lower stage into an intermediate stage 
and then into the higher stage which we now recognize, and that possibly the 
outstanding characteristic of this higher stage is the state of stability 
that you referred to and described, and that that made it possible for each 
one of us to be free of all these physical worries or concerns that other- 
wise wo might have to pay an awful lot of attention to if that state of ste- 
bility didn't exist. The thing that impressed me was that that had been 
.achicved over a long, long period of time and is a result of an evolutionary 
process which apparently doesn't stop but has been continuous for a long, 
long timc, and probably will continuc. What we call society today is made 

up of individuals, each being an organism; and the problems that society 
faces today grew out of the problems of individuals and groups of individ- 
uals. I thought I saw in your talk a suggestion that we could continue to 
hope for an evolution of society to take place in much the same way as the 
evolution of the individual; and that sooner or later this evolution of so- 
ciety would result in a stable state roughly comparable with the stable state 
of the individual. 


Now if that is correct, it provides for me at least some ground for 
continuing to have faith in democracy as a form of government and as 4 Way 
of life. _In enabling us to understand the social organism, science thus far 
hasn't been able to give us as solid a basis of justification for our be- 
liefs as science has given us in our understanding of the physical world a- 
round us, and even of the organism itself. In the last analysis, as a matter 
of faith and belief, we can't prove that democracy is the best way of life; 
but so long as we have faith in its ability and believe in the possibilities 
of that form amd of that way of life we shall probably continue to give it 
our best energy and our best abilities. Someone said recently that the most 
destructive form of "ism" at large in the world today is defeatism; and par- 
ticularly in the face of the will to power and the will to action that the 
dictators display, a great many people in the democracies have gotten into 
the frame of mind of saying, "Oh, what's the use?" But now if science, as 
a result of its understanding of the evolution of the individual organism 
can give us a solid ground for saying that society ultimately is destined 
for a much finer system of organization and stabilization, I think we can 
continue to have faith in democracy as a way of life, and as a form of govern- 
ment. I should like to have your comment on that. I am afraid I have sum- 
marized it very badly and very incoherently. 


DR. CANNON: I should like to have you define the typé of democracy 
you are talking about. Is it democracy as a means of getting political 
opinion, or is it democracy in its economic or social meaning? There are 
various definitions of democracy which could be considered. What form of 
democracy do you have in mind? 


DR. BLAISDELL: Well, of course, that throws the question back at me. 
I am willing to catch it and throw it back again. In using the word 
"democracy," I mean a representative form of government, a democratic repre- 
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sentative form of government, in which the individual has rights that are 
recognized and for which institutions have been established and are main- 
tained. To me, at least, this meams a form of goverment, a way of or- 
ganizing our political life for getting things done, which takes into ac- 
count the opinions of the majority of the able-bodied adult people in the 
community, amd at the same time allows for free individual development. 


DR. CANNON: Well, in those terms, it seems to mc that one cold re- 
gard the present world situation in govermmnental aspe cts as one in which 
there arc two or three cancers that are troubling us, governmonts that are 
so disregardful of the wolfare of socicty os a whole that they are willing 
to cause irreparable damage. I believe that what we em look forward to 
in the devclopment of the social system is such interdependence of the var- 
ious parts--in relatively small groups, in nations, and possibly in the re- 
lations of nations to one another--that a cooperative system would be more 
likely to be the ultimate result than anything in the nature of an auto- 
cracy. And if in the evolution of society a cooperative system should 
gradually devclop, we should have, it secms to mc, a closcr and closer a- 
nology of what is going om in our bodics. That is a far cry from an cuto- 
cratic or totalitarian system, which has all the possibilities of cruelty 
and tyranny endthe suppression of individual intercst and effort. 


DRe BLAIDSELL: Do the biological and physiological scienccs afford 
us a basis for belicving that that kind of a cooperative internatimal so- 
cicty is in the making? 


DR. CANNON: Not biological sciencc, and not intcrnational coopera- 
tion. But there is evidence of cooperation within national boundaries. 
About four years ago I was in Finland and Sweden and Norway. While in 
Stockholm I had the great privilege of spending a morning with Mr. Hedburg 
who showed me the workings of the cooperative system theree It was a re- 
velation to me to see the possibilities of sccuring coordinated activity in 
large groups of the population. This coordinated activity was for mutual 
advantage on the economic side, with a high degree of individual freedom 
for attention to the things that are worth while and of permanent value. 

I was very deeply impressed by what I saw there in the operations of co- 
operative enterprise. 


I think you can look back over the evolution of society and see in- 
dications of evolution in directions analogous to the directions that or- 
ganisms have taken in their evolution. In primitive societics some groups 
lived by tho chase, by killing their prey, and thcy were obviously much 
limited. There was a low degrec of freedom, for they depended entirely on 
getting enough food animals to provide them with nourishment, and that 
might vary greatly with the scasons. Othcr forms of primitive society — 
were agricultural. The agricultural groups depended largely on whether 
there wes a roturn for the efforts that they mde in securing food from 
the carth. As socicty has bccome morc complicated and there has been a 
larger degree of organization; the possibilities of securing food, for in- 
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stance, have been rendered more and more certain throughout the year by pre- 
servation in storages* Now, that is what happens in the organism. We have 
occasional intake of food and constant need for using it, and the adjustment 
between the occasional supply and the continuous use is made by storage. So- 
cicty has be¢ome gradually much morc complex than it was in primitive times, 
and in the course of that cvolution it has becams more and more freed from 
the disturbances of nature or the oscillations of the seasons by adjustments 
very much like those that have appeared in the bodily organization. I think 
as I pointed out yesterday, it is somewhat dangerous to draw close analogies** 
between nature in biological organization and our social organization, but we 
can regard nature as speaking in parables. Here is a parable that seems to 
have at least suggestive significance. 


DR. CHAPLINE: I think one of our difficulties may be in the develop- 
ment of society. We may expect changes to occur too promptly. You mentioned 
yesterday, I believe, that when a situation in the body gets out of order 
there is a contrasting effort to bring it back into place, and that we have 
come to recognize those things as more or less automatic. Well, in our so- 
cial developments, if we look back I think we can note that we go through 
ecrtain spclls where conditions get too optimistic amd they are brought back 
to a reasonable basis. We get depressed and then we are brought back. I 
think that if the average run of person had been told in 1928 or 1929 that 
he must stop speculating, as practically everybody was doing, and that he 
must stop that immcdiatcly, he probably would have taken exception to it. 

But exccssive speculation come back down on our own heads and ran us into a 
severe depression. But on the other hand, aren't our trials and tribula- 
tions in a social order of the type that bring us great developments? I 
think that most anyone would agree that the period through which we have 
been going in the last eight years has probably meant one of the greatest so- 
cial developments that we have had in a long, long time. 


I recall a friend of mine who ih his 50s had a heart attack, fainted 
on the street and was taken to the hospital... He had a few days for reflec- 
tion, and after that I suppose watched himself closely because he lived con- . 
siderably beyond twenty years after that period, and when past seventy he 
took a trip around the world and drove back and forth over the continent 
several times, and lived a very active life, The fact that the social order 
does go through its depressions doesn't necessarily mean that we are going 
to be down there all the time. If we again go back and review what has 
happened, we see that while there is a certain amount of regimentation that 
has come about, it is the natural rcaction; we must accept a certain amount 
of that; but still there is in the democratic process a developmont of a 
greater appreciation for social betterment. And we have had a big reaction 
in that way from the depression. I think there is a very close analogy be- 
tween the evolution of the body biologic and the democratic process, if we 


* Dr. Levy carried this over to an ane Oey with science; see section VI of 
his lecture. ¥x DP. p02. 
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don't expect too rapid changes. When you look at Germany you will see that 
the government there has decided that certain things should be done for the 
general public, and most of the people there, I think, believe that it has 
been to their advantage. Possibly it is, but they have in that process lost 
alot of their own individual faith, belief, and courage. Here we haven't 
had to lose our individuality, and I think that we shall come out of it and 
that wo arc coming out of it,in fact have alrcady come a long way. 


DR. CANNON: The point that you made regarding the value of a disaster 
is interesting because of its relation to the development of regulatory pro- 
cesses in society. I should say that what the last eight years have shown is 
that these extreme shifts of economic conditions are so scrious, so harmful, 
so crucl in many weys, that we must sect to work to devise means of avoiding 
them; and those moans, it scems to mc, must be directed in ways that are 
analogous to the arrangements that prevail in our body biologic. Thero is 
more control over thc cconomic situation now than there was cight ycars ago. 
There is provision for reserves of one sort or another. There is provision 
for continuous activity of labor. There is a control of processes that are 
disturbing the stream of commerce that ten or fiftecn ycars ago would have 
been regarded as appalling, and thesc innovations have been the consequences 
of the sad experiences of 1929 and the years that followed. They are in- 
tended to act in the direction of minimizing the disastrous ups and downs 
of the economic situation. As intelligent units in a social organism we 
are able to bring about alterations and improve our methods of control much 
more rapidly than would be possible in the natural course of evolution of 
unintelligent units in the body. 


I am afraid I am not making my meaning quite clear, but I am trying 
to say that although there has been a black period of depression, it has 
been leading to the sort of control that the body has learned through cen- 
turies of experience. 


There is one point that I should like especially to omphasize in re- 
gard to controls. In the body biologic there are warning signals that indi- 
cate at a very carly stagc when the possibilities of dangcr arisc. We have 
a temperature regulator, a thermostat at the base of the brain. It operates 
when there is a tendency for the temperature to fall. Thon, as I pointed out 
yesterday, there is a contraction of the surface vessels so that the contim- 
ous stream of heat leaving the body is checked, and heat is conserved in 
order to maintain the even temperature of the body. If that doesn't work 
there is a second line of defensc, a liberation of adrcnaline which speeds up 
the burning process, as when a blower is put on a fire. And if that isn't 
sufficient there is a third line of defense--shivering, automatic muscular 
contractions that produce a lot of extra heat. These are all ways of pre- 
serving a constant state of temperature. When a dangerous economic situation 
was developing, as in the late 20s, there ought to have been some economic 
signal, it secms to mc, that would have allowed the application of economic 
controls, supcrior to mercly tclling pcople, "You had better not speculate." 
Might there not have becnm operations of the banking system that would have 
put a check on the disastrous development? If we had had enough experience, 
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enough intelligence, to apply methods that might have been applied, if we 
had had warning signals might we not: have avoided the catastrophe? There 
are persons who said that those signals were evident and who profited by 
knowing it; and there were others who didn't. I think one of the most im- 
portant things that economists and sociologists could do would be to study 
these big swings of the economic conditions and learn where the warning 
signals might be looked for. This is out of my line; I hesitate to say more. 


DR. CHAPLINE: There were certain warning signals apparently avail- 
able in connection with the 1927-1929 excessive speculation. Apparently 
we went through a comparable depression in the nineties. The country came 
out of that without the loss of its democratic principles. Even though 
there were a good many warnings about the Florida boom, which as I recall 
happened in 1927, few people would believe in them, and many people went 
from all over the country to Florida to help get in on the flop which came 
along about the time they got there. I remember being in Mancos, Colorado, 
@ little town in the southwestern corner, on a narrow-gage railroad. It was 
in 1929 and I was waiting for the train to come in. ‘The driver of the dray, 
the station agent, and another man whom I couldn't recognize, were discussing 
their speculations on the New York stock market, all ready to be plucked in 
good shape. There were lots of warnings given, but apparently we were unable 
to recognize them. But out of all of that has come the sort of thing that you 
have mentioned as a result of our democratic processes. We have put checks 
now on a lot of those things that we hope will prevent a similar depression 
in the next generation. 


DR. CANNON: That is to be hoped for. 


. DR. SCHAEFFER: Dr. Cannon, you mentioned Heri donee just. afew | 
minutes ago, and I was wondering if this intelligence was concentrated in 
just a few cells, or is it distributed all over the body, or where is it? 


DR. CANNON: The part of the body that is concerned with adjustments 
to the world about us, to the external environment, is the cerebral cortex-- 
that is, the outside of the large part of the brain-~and the connections 
that it has with the sense organs and the voluntary muscles. TheSe are the 
mechanisms by which we learn about our surroundings and adjust ourselves 
to them, modify our relations to our surroundings and modify the surround- 
ings themselves; make structures like this building, fly aeroplanes, run 
ocean liners, push baby carriages, and do all sorts of things that we have 
to do in relating ourselves with the outer world. 


MR. JACKSON: Isn't our inventiveness making these surroundings more 
complicated all the time; new gadgets, new regulations, new economic plan- 
ning? 


DR. CANNON: Undoubtedly our external environment is becoming more 
and more complicated all the time because of new inventions and new appli- 
cations of science, but I do not see that there is any way by which that 
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cnvironment can become morc complcx than the ability of the brain to make ad- 
justments to it. 


DRe BELL: It might be a fair comparison in a democratic system if we 
likened the external sense.organs to the county committees and other people 
that are gathering information as individuals and pouring it into the Depart- 
ment of Agriculture with the hope that we shall say, "We shall be able to co- 
ordinate that information and reach a conclusion that might be a workable 
one." We all know that the brain itself doesn't have all the intelligence in 
one spot. We all know it is distributed through tl cortex, and the inflow of 
stimuli comes from a great variety of sources. It seems to me that there in 
away is a picture of a democratic society. All these agencies are pouring 
in information. If we are alert, we keep the channels open so that the in- 
formation will reach the right coordination center--it might be tl Depart- 
ment of Agriculture, or it might be the President or some of his working 
committees, or what not. 


DR. SCHAEFFER: Dr. Cannon, you mentioned yesterday” that we could 
get along with one kidney and one lung and less liver. Now, what is the 
function of the extra kidney, lung, and liver? 


DR. CANNON: I regard that situation as supporting the evidence that 
security is more important than economy. The body, as I pointed out yester- 
day, is organized in such a way that therc is a high degree of assurance of 
stability. I illustrated a few momcnts ago the three lines of defense a= 
gainst cold which we have inside us and which operate one aftcr another. 

The last is shivering. Well, shivering, as I said yesterday, is o« waste of 
energy, but it accomplishcs the desired constancy of tempcrature. The whole 
bodily organization is built with a wide margin of safety. If we lose a 
kidney wo still go on. We can lose half the lung area and we still go on. 
There is a great deal to indicate that in our bodies security, stability, 
constancy are more important than economy. 


Question: Dre Cannon, is there any evidence to indicate that any of 
the processes of the body which you mentiored last night have undergone 
change during the period of man's knowledge? 


DR. CANNON: Well, the paleontologist can go back to the age of rep- 
tiles end show that those organisms, millions of years ago, were built on a 
wrong plan that didn't work, and thsy passed out. They had huge bodics and 
very small brains amd they didn't succeed. 


QUESTION CONTINUED: And would it be safe to assume that the human 
body through a long period of evolution has reached a stage of perfection 
where it now undergoes no further change? 


DR. CANNON; I think there is fairly good evidence that the body as 
such is not undergoing any considerable alteration. It may become somewhat 
better developed. There are reports that the Japanese have gained in stat- 
ure by changing the’character of their food. Perhaps by a better knowledge 
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of vitamins and other food elements we can improve the physique, but I doubt 
whether we can change the essential bodily structure. Everything seems to 
be directed toward an improvement of the services which the brain performs-- 
towards observing new rélations betwcen things that we didn't sce were re- 
lated before. That is what invention comes to or what discovery comcs to, 
in the last analysis. In that dircction are possibilities of infinite prog- 
res. 


QUESTION CONTINUED: There aro mcntal proccsscs that arc applicd to 
socicty, man's socicty, arc there not? They arc not applicd to man's physical 
function itself in any way. 


DR. CANNON: No, cxcept so far as wo learn about vitamins and other 
olemcnuts that may help our bodies. 


QUESTION CONTINUED: Last night my thoughts werc going back to the 
statement in the Bible that God made man in his own image, and that now ap- 
parently man is in the process of consciously setting up a form of society 
that is in the image of his own body. I was wondering whether that is a 
fair statement of what you said? 


DR. CANNON: I don't think that mam is consciously doing it. 
REMARK: No, subconsciously doing it. 


DR. CANNON: We have been undergoing an evolutionary process and it 
may be that society is undergoing a similar evolutionary process. If you go 
back to the Neanderthal man or the Piltdown man, you observe evidence of 
relatively little change in the skeleton except that part which contains 
the brain. 


J 

DR. BELL: Haven't we a lot of old relics sticking around our bodies 
like cxcess growth of hair, peculiar formections on the ears, appendix, and 
all that sort of thing? 


DRs CANNON: There are indications of our remote anccstry, but I 
don't think there is evidence of my change in the lest two thousand years. 


DR. BELL: In @ short period of time you are perfoctly right, but 

we all know that from the anatomical standpoint, there has beem a tremen= 
dous turn-over, «nd there arc a lot of old rclics sticking around our bodies 
that are not now csscntial, but which at one time probably were. Another 
point comes to my mine from your ensver to the question that this gcntleman 
raised about the so-called cxecss organs. It sccoms to me that the most in- 
spiring cnd cncouraging thing about the whole thing is that where we have two 
kidneys that is the normal situation; that is the situation in which things 
are carried on. But if something goes wrong and one kidney has to be taken 
out the other kianey takes ower the excess load. That is true in society. 
Something goes wrong, you see that over end over agaim; yet there is always 


- 219 - Seminar VIII 


something to take up the slack and carry the excess load. In college, of 
course, we always have the fccoling that after the scnior class gocs out the 
collegc is ruincd, but the next year another class comes along and takes up 
where they left off and the college goes on just as well as it did before. 
And society can be counted on to do very much the same thing. 


DR. SCHAEFFER: Dr. Cannon, does the body have any particular group 
of cells that might function to get rid of surplus commodities? 


DR. CANNON: Yes, I didn't emphasize that point yesterday afternoon, 
but there is a process of maintaining constancy by overflow. We eat too 
much sugar. It rises above the threshold, the kidney threshold, so-called. 
It gocs up to 200 milligrams per cent in the blood. We will say 170 is the 
threshold. The excess of sugar will pass out. We get constancy by simply 
unloading. If there is an excess of salt there is an overflow. When there 
is excess of water there is an overflow. These are instances of maintenance 
of a constant state by getting rid of the exira quantity through loss, actual 
loss. 


DR. BLAISDELL: Dr. Cannon, I think we have discovered some semblance 
of a biological justification for the over-normal granary and for the re- 
moval of the price-depressing surpluses, and if we could continue this dis- 
cussion we might be able to find justification for everything in the Depart- 
ment of Agriculture. That would be a very satisfactory denouement, I am 
sure, of this discussion, but the time has come to wind it up, and I am sure 
I am expressing the fecling of the pcople here that we are very apprcciative 
of your kindness in taking the timc to come down yesterday and again this 
morning to talk with us. 


DR. CANNON: I have enjoyed it very much. 
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| Lecture IX 
HOW CAN SCIENCE GET SUPPORT IN A DEMOCRACY? 


by a J. Carlson 
Professor of FUREY University of Chicago 


In the auditorium 
i* 


Mr. Wilson, I am glad to be welcomed again to the Department of Agri- 
eulture. I am not entirely a stranger in some parts of your enormous estab- 
Lishment, but two weeks ago when I accepted Dr. Deming's invitation to come 
here I did it in a moment of the role of the absent-minded professor, be- 
cause when I found time to look at the subject I didn't see how I could con- 
' tribute anything worth your time nor mine. At my age the loss of time isn't 
worth much, but you contribute your actual dollars to my traveling expenses 
and those dollars are earned, I hope, in the sweat of your brow. 


‘ The topic doesnt + permit me to speak in the field where I am most at 
home, but it does permit me to speak on matters to which I have given a good 
deal of .thought during my working years, so it is not entirely unwelcome. 
Most of you, I dare say, with your background, have ideas of your own on this 
subject, and I assure you I come here with no dogmatism of my own, except on 
one or two points, and the first point is this: that I am from experience 
an incurable democrat, spelled with a small "a"; and the second is this, 
also based on experience, that science must secure a far broader base of in- 
telligent support in society than it has at present if it is to render its 
great service and if it is to endure... I have seen too many places in the 
world where an esoteric science, an Ivory Tower, superimposed. on the broad 
plain of human ignorance and human misery, tumbled and is now‘rotting in the 
dust. That is not the kind of future. I like to vision for science in this 
country--in this democracy, 
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support for science involves, to my notion, two things; first, sup- 
port for real scientific education; and second, support for scientific re- 
search. I mean by scientific education the kind of education that leads to 
understanding of the nature of science and the consequences of science. And 
you may infer, I think, we have not that kind of education now, at least ef- 
fectively, so that even our high school graduates or even our college and 
university graduates really understand the essentials of science. They under. 
. Stand the gadgets, they enjoy the gadgets; they may memorize many scientific 
facts, but that, of course, is not scieuce--the kind of education that would 
give to every child, every man and wozar an understanding of the nature of 
science, the spirit, the method, the necessary hesitance in expressing or 
concluding anything until you know all the facts that can be made known, the 
necessary patience in establishing your controls, and above all, the absolute 
honesty required in science. All those things have not yet taken root in the 
common man. 
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Educators, statesmen, leaders have tried to sell science by its gross 
fruits, by its gadgets by its consequences. It pays so much, and it is rela- 
tively easy to sell the science of agriculture and veterinary medicine to a 
farmer with a sick hog, or a diseased corn field or wheat field, and it is 
relatively easy to sell research in medicine to a man or a woman with a head- 
ache or a gastric ulcer or a diseased kidney. But I think if we try to sell 
science to men and women in a democracy, we shall fail if our sales talk is 
solely on supposed or actual material benefits. I say this on the basis of 
experience, and I have tried to teach for nigh on to forty years. I believe 
that the average man and woman in this country, the average boy and girl in 
high school is capable of conceiving, of getting something more out of science 
than the thought of immediate material gain. I think people can learn to ap- 
preciate science for the sake of a broader understanding, for the sake of 
eliminating fear, for the joy of solving or having solved or seeing solved 
the riddles in man and in the universe that we face and that our forefathers 
faced for a million years. You seldom hear of that element in science. That 
value of science, though, is one of the greatest; and I believe it is a mis- 
take to take the view that the average man or woman is incapable of seeing it, 
incapable of appreciating it, and incapable of being appealed to on that basis 
for its support. 


In criticizing our prevailing education in this way, I criticize my- 
self; I am one of the sinners surely. It is far easier to drill facts than 
principles into your children, your own children (and I have tried to edu- 
eate children of my own), as well as into your students. It is far more dif- 
ficult and far more expensive to have the children learn by doing; to intro- 
ducea little of the experimental methods into the natural sciences in the 
high school, and above all to teach science, as it really can be taught, by 
the example of what we ourselves are doing. 


I went to a small, financially poor college nearly fifty years ago. 
In a humdrum way I read books; I was omniverous. I read Greek and Latin and 
French and German and English and rhetoric and philosophy and psychology and 
chemistry and physics and biology. As a matter of fact, in my junior year 
I exchanged Greek for petrology and I soon got tired of both. But the man 
who really opened a new world to me was a professor in the college who was 
doing experiments in a very inexpensive way on the storms and wind, the 
movements of the atmosphere and the changing configuration of the earth. 
He had some small boxes at different levels on a high pole on a hill, and 
he accurately weighed and measured the dust particles collected in those 
boxes from time to time. He invited me to help him do it, so I found out 
what he was driving at, and--according to William James’ old idea--what- 
ever unused or untouched lakelets of energy there might have been in my 
brain certainly were tapped, not by anything that filtered down into them 
in class but by what this teacher did. And if we could have a little 
more of this done in the high school, instead.of in many cases having state 
laws actually preventing experiments of that type, particularly in biology, we 
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would get along better. But the sinning is not confined to the highschool; 
it is also in the college and in the university. 


Now that kind of education, it seems to me, is. essential for action 
in a democracy, because by action in democracy I understand an action based 
on the understanding of the substantial majority, and acquiescence without 
violence by the minority. 


If we look back a minute on the beginnings of science, so far as we 
have any record, we see that man's early interest in that field started by 
contemplating the heavens and by the urgent drives of his. personal pains; 
that is, it started in astronomy and in medicine. So far as medicine goes, 
to judge by the Irving Smith papyrus, translated by that brilliant Egyptol- 
ogist, the late Professor Breasted, that is the earliest. human record in 
Science. JI have read the document, and whoever they were, those unknown 
doctors of about 5000 to 7000 B. C., they did begin to use the scientific 
method in diagnosing human: ee ‘and diseases, in contrast with the pre- 
vailing sorcery. 


A few years ago I had the privilege of visiting parts of China. At 
that time, in one of the cornérs of the walls surrounding Peiping were still 


the old astronomical instruments. How old they were I don't know. In China, 


apparently interest had started in astronomy and advanced farther in that 
field than in the study of disease. I learned that vaccination against 
smallpox had been practiced in China many hundred years prior to Dr. Edward 
_Jenner and the milkmaid in Great Britain. The Chinese did it by taking 
flakes of the scab of a convalescing patient and rubbing that into the 
nasal mucosa of a well person. Vaccination against smallpox can be made in 
that way. 
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Support of science means, then, an understanding of its nature and 
consequences; and, secondly, financial support both for education in science 
and for research in science. Now what is the past history of such support? 
DpeOur country, of course, from early colonial days, we have had a halting 
but gradually progressing democracy; and support for education, including 
education in science, started early through private: local initiative, and 
thus we have such institutions as Harvard and Princeton and Pennsylvania, 
which started as a private institution, Parallel with that, there early 

' started state support for state universitiés and state ned oes and very 
early--as ‘this group knows better than. I--there started federal support, 
particularly for ‘education and research in agriculture, partly centralized 
in this city but more largely spread out into the forty-eight states, in 
the state agricultural colleges. I need not mention, of course, the other 
type of federal support of reséarch in the Bureau of Standards, in the 
Public Health Service, in the Biological Survey, and other similar endeavors 
So, during the past, irrespective of what the understanding has been or the 
failure to understand the spirit, the nature, or even some of the conse-. 





eae ee ae eee, er 


quences of science, there has been fair support of science by individuals of 
means,’ by local communities, by states, and. by the federal government. 


Now my subject raises the question, do we need more of this from any 
source--private, city, state, or the federal government? Is private support 
drying up? More recently there has come support of scientific research by 
industry, directly in industrical establishments. That research is largely, 
of course, determined by the needs of the particular industry in improving 
its products, in finding new products, in getting ahead of its competitors, 
and so forth. And while some of the research support in industry and in in- 
dustrial laboratories is devoted to fundamentals, while some of the workers 
who are given their heads (as they must be given, if theré is to be funda- 
mental research), by and large, I think, science in our country would be in 
a bad way, if we were entirely dependent on the kind of support that industry 
gives in its own research laboratories. 


Of course there are exceptions. Look at the Bell Telephone Laboratories. 
And many industries interested. in the new medical remedies, new drugs, better 
drugs, less poisonous drugs, to control human and animal ills or even plant 
ills, frequently do respectable experimentations. But I certainly would con- 
sider it perilous if our state universities, our independent universities, and 
our research departments in the federal government should be forced to slow 
up instead of permitted to increase their speed. 


One practical problem comes up. I don't know whether Mr. Wilson and 
the other leaders had that in mind or not, but I absolve him and the rest; 
they didn't tell me what to say, and I can tell you now it wouldn't have done 
any good anyway. One of the problems that faces this country now is the dry- 
ing up of private financial aid to our independent colleges and universities, 
not intended I am sure by anyone, but a development of the government's attempt 
to meet the financial calamities of the nation during the last few years. 
Permit me to quote from an a published in March of this year by President 
Wriston of Brown poe It is very recent and I think it is probably 
accurate. I quotes 


In the year 1928, just a little over ten years ago, there 
were nearly 200 gifts to American colleges and universities 
of over $100,000 each. Last year--that is 1938--that number 
was less than fifty. There was a similar decline in smaller 
gifts. 


You see,the interest of private individuals in such institutions as Harvard, 
‘Princeton, Johns Hopkins, Chicago, and others too numerous to mention, has 
been their only lifeblood. I quote again from President Wriston: 


* Bulletin of the Association of American Colleges, March 1939 (19 West 
44th Street, New York.) 
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Furthermore there has been a significant capital ~ 
shrinkage in endowments since 1928, and the yield 
on sound investments is much less than it was in’: 
1928. Moreover, the decline in return on invest- 
ment is not at an end, because with everything the 
Government does, including the expansion of social. . 
security, it is promising no end to deficit financ- 
ing. So long as we have deficit financing the 
Government must maintain cheap money rates. It 
will continue to be regarded, indeed it must be re- 
garded so, as long as we have deficit financing. 
This makes it evident that the colleges will have 
largely decreased revenue for some time to come. 
Meanwhile the student bodies have been growing and 
the more students the more deficit, because no one 
charges tuition to cover the cost of training in any 
field. 


So for these so-called private (I call them independent) institutions of high- 
er learning, colleges, and universities, whereas formerly it was a question 

to have and to gain, now it is not even a question to have and to hold--it is 
a problem to have and to lose. . Sais 


I am not criticizing the national situation. I am merely recognizing 
it. If the contributions to the training in science, if actual contributions 
to research in science are to continue from these old sources in our democracy, 
a remedy for the present predicament must be found. 


Le: 


I don't know whether you feel like I do about the progress of salience 
in the United States during the last forty years. Maybe I am more impressed 
by it in my immediate field, biology and medicine. Certainly forty years ago 
this country was a second-rater so far as reséareh, so far as contributions, 
so far as the advancement of knowledge in biology and medicine is concerned. 
We were led by Germany, we were led by France, we were led by Great Britain. 
And what has happened during this last generation? In biology and medicine 
we are not only well up in front, but if it weren't bragging, we should be 
justified in saying that in some fields we are pretty near in the lead. And 
that has come by a combination of forces, but largely from the efforts of in- 
dividuals in our private institutions of the higher learning. I am not unmind- 
ful of the contributions to the science of agriculture and in veterinary medi- 
cine by the state universities and by the federal government, and the contri- 
butions to medicine, some of them very great, by the Public Health Service, in 
the field and here in Washington. I know all that. Nevertheless, if older 
sources for support of science are blighted, we are going to slip and slip rap- 
idly unless other sources of support are found. 
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I can't quite explain the reason for the tremendous resurgence in 
this country of scientific work, research in biology and medicine, during 
the last generation. Certainly we have no better brains now than fifty, 
one hundred, or one hundred and fifty years ago; human mental capacity 
doesn't change that fast. Maybe there were no more railroads %o build 
across the country, no more canals to be built, and human attention was 
directed in other fields. Maybe we got some of our stimulus from abroad. 
Maybe we felt a challenge. Maybe our pride was stirred. Whatever it was, 
we began to tap one of our great natural resources, namely our mental 
capacity. Research in science for the enjoyment of man has not only added 
many new and strange gadgets of living, but has greatly enriched our in- 
tellectual life,-to the satisfaction to the gos eee to the group, and 
to the nation. 


IV 


In the little time that I had to think over the subject assigned to me, 
President Hutchins called my attention to what the British Government start- 
ed to do for the universities and colleges in Great Britain and for the hos- 
pitals and for hospital research, medical research in Great Britain, follow- 
ing the World War. I have here a report of that work in Great Britain up 
until 1935, from the University Grants Committee.* This committee has 
handled grants from the Imperial Treasury to these institutions, amounting 
to about 11 million dollars a year. It is handled by a committee of experts, 
not connected with any one of the institutions, by people who know the na- 
ture and the needs of education and research. It is only fair to say that 
the use of these grants is much wider in England than I have in mind for 
our country. In Great Britain the grants are even used for building dormi- 
tories. But the technique is something that is worth studying by individ- 
uals in government, and others who are concerned with the present danger 
to our independent beacons of light. The men appointed on the University 
Grants Committee serve without pay, so it would be no source of comfort for 
our own "lame ducks". They have only one paid full-time secretary. I 
should: like to quote two or three sentences of the report, because I think 
they apply to institutions in the United States. From page 59 I quote: 


"We believe that the British universities may be trusted 
to make the best use of any new resources which may be 
made available to them." 


I think that statement could be made, without many exceptions, to 
the private institutions of higher learning in this country, and I think 
I know most of them. You probably will not thank me for suggesting that 
something like this might be done in the United States. I don't know 


* University Grants Committee, Report for the period 1929-30 to 1934-35 
(His Majesty's Stationery Office, London, 1936). Price 4/-. 
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whether it should be done or not Sone r “ts aoe this--I think I know this-=- 
that before any such scheme on the great scale is started it should be thor- 
oughly studied, it should be thoroughly discussed, it should be made so clear 
that it has dndenseenaine and support in.society and will not shift up and 
down with our sudden political whirlwinds in the state or the nation. More- 
over, I should want to see the machinery of-organization and control worked 
out so that other sources will not dry up, the private and local sources that 
are still available to such institutions. That wotld be a calamity. 


I certainly would not favor any 700 million or 800 million support for 
general education until such a system has been worked out. But there is one 
small way in which support could be given to science and scientific research 
with our present existing machinery and without any danger whatever. We real- 
ize that in the past, the training of scientific workers for society and for 
the government has fallen largely on these private institutions, including 
those supported by taxation in the states. To be sure, Michelson, the great 
Michelson, came from our Naval Academy, but our Naval Academy has not given 
the nation many Michelsons in science. To be sure, in the army and in the 
navy schools some training in engineering is provided; but because of their 
very nature our army and navy academies are not.great training schools in any 
field of science outside of engineering and I am not aware that: they have 
added materially to such. trained personnel, 


Our federal government does contribute to the training of experts in 
various fields of agriculture, through its original land grants'to the forty- 
eight states and through its continued support of these institutions. That - 


is perfectly true, but in pure science, physics, chemistry, biology, astronomy 


medicine, mathematics, there is little or no such support. It would be worth 
trying, I think, to the amount of the cost of one or two battleships, to see 


what federal Prhnits to graduate or postgraduate research fellowships would do: ° 


in this country. We have the machinery for it. I think if there is any na-' 
tional institution that has come out with flying colors in administering na~ 
tional fellowships, it is the National Research Council in the natural ‘sci- 
ences. I know less of the work of the Social Science Research Council, ‘but 
the former has scoured high, and I can say so without, prejudice because I have 
had very little to do with it.personally. Such funds from the national treas- 
ury could be administered like the fellowship funds from the Rockefellew Foun- 
dation, which, by the way, is one of the other things that’is ‘drying up be- 
cause of the reduced income of:a number of endowments; the CARAS 3 are 
smaller and they are fewer in number. 


v 


I suppose all of vou have See teen and eee studied the report. of the 
National Resources Committee, Research-+4. National "Résource vol. l. “The rela- 
tion of the federal government to fo research (Washington, 193i 1938). I don't think 
much of the English there. Research is a process, hardly a national resource, 








but the development of our mental capacity and understanding through research . 


is the development of a national resource. On page 4 they give a number of 
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recommendations. Some of them refer to the improvement in the status of the 
research personnel in our federal corre But one of the recommendations 
is this: 


That research agencies of the government be authorized and 
encouraged to enter into contracts for the prosecution of 
research projects with the National Academy of Sciences, © 
the National Research Council, the Social Science Research 
Council, the American Council on Education, the American 
Council of Learned Societies, and other recognized re- 
search agencies. 


That, I believe, is an unwise recommendation. These are not research 
institutions. The matter should be carefully considered, and some such plan 
of operation as that of the University Grants Committee in Great Britain would 
in my judgment be preferable, although I have a great deal of TeRpAR NY for the 
members of the committee who are responsible for this report. 


VI 


One of the early interests of men in the beginning of science was med- 
icine. The federal government, state governments, city governments, private 
individuals, have aided research in medicine throughout the ages. I wasn’t 
particularly enthusiastic over our recent program of extension of Public 
Health, because most of the funds were to be allocated to service rather than 
research, but we have now a beginning experiment of what may be done, in the 
development of the Cancer Research Institute as part of the Public Health In- 
stitute in these United States, 


By and large, in the past, it has been easier to obtain private funds 
for needed research in medicine than in almost any other field. But now, with 
the private resources drying up, it is just as difficult for the medical 
schools and for the research hospitals to carry on as it is for the universi- 
ties in other fields. During the last three or four years I have visited nu- 
merous state universities, state colleges, city colleges, in nearly every 
state in the Union. I have been struck by many things on these campuses but 
particularly by one thing, the enormous building programs--laboratories, lec- 
ture halls, dormitories and hospitals,all over the map, on federal loans, 
federal gifts, and state money. I have the impression that these institutions 
are now developing us into the stone age. Buildings are not research. Build- 
ings do not make a university. Buildings are not education. [I am not criti- 
cizing this development. It is probably a necessary part of providing work 
for fellow citizens who are unemployed and without food. I am not criticiz- 
ing it, I am merely pointing it out. It is going to be a sad day for us if 
the wherewithal for men with character and brains, if the means and the free- 
dom to use these new halls as they should be used, if provisions on local and 
national scale for the continued and increasing support of fundamental scienti- 
fic research and education are not found speedily. This is a national concern. 
We should have a program, not subject to the vicissitudes of political parties, 
or the life span of individuals. Where is the Cato of our day, who will insist- 


ently remind us all: In_a democracy, science must be supported by all the people’ 
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DIscussioN 


following the lecture by 
Dr. A. J. Carlson 
ekcapidala Sop of po taey) University of Chicago 


Editor's Hotes pre aieaa could not stay over for the seminar 
and therefore a few questions were sent to him 
which.he kindly answered by mail. 


MR. GLICK: . We hear frequent reports from Germany, Italy, an@ Japan 
of large sums of money devoted by the governments of those countries for re- 
search in chemical warfare, airplane construction, development of "ersatz" 
material, etc. On the other hand, we know of the denial of freedom of opin- 
ion and inquiry in these countries. This suggests the following question: 
Is science more likely. to thrive under "democracy" or under. "totalitarianism?" 
Further, what do you think of ths suggest ion that certain types of scientific 
research—-such as those involved in. preparing a country for effective war- 
fare--are more likely to thrive under "totalitarianism" than under "democracy?' 


DR. CARLSON: The lessons from history, as well as the very nature of 
science, seem to furnish the answer to your first question: Is science more 
likely to thrive under democracy or under totalitarianism? Certainly in the 
past, as I read history, the essential contributions to science have been made 
by relatively free men, applying their intelligence in seeking the answer to 
their curiosity rather than by dictates from rulers or bosses. Any authori- 
tative restraint appears to me an unfavorable environment for the workings 

of the scientific mind. I know therc are a few of my colleagucs who take the 
opposite view. In a little book published a few years ago by Dr. Muller, en- 
titled Out of the Dark, the author makes the categorical statement that the 
totalitarian state, as exemplified by’ soviet Russia, ‘is the only political 
organization of a nation favorable to the progress of science. Dr. Muller's 
little book should have been entitled not Out of the 3 Dark, but Into the Fog. 
History is against his dictum. 


| Yes, certain types of research of immediate need-in preparation of 
tools and gadgets for war can, undoubtedly, be: speeded up under dictatorships 
saturated with war mania. But I am less interested in. that type of research 
than in the pursuit of the problems whose solution will throw additional Light 
on the nature of the universe and the- ‘nature of man. ‘The force of immediate 
needs of war, and govertment ‘urgency and support. of such research may not be 
so niecenerute even in apparently and: relatively simple and practical prob- 
lems. For example, in the’ late'World War the governments of Great Britain, 
France, and the United States were greatly concerned’ by. the high percentage 
of fatalities from traumatic shock in wounded soldiers and, stimulated by 
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these governments, medical men set to work on the problem of the nature and 
the control of traumatiic shock. A great deal of work was done in the labora- 
tories and on the fields of battle. Some of the work was useful, but in my 
judgement, work of much greater significance and promise on the nature and 
prevention of traumatic shock has been done by individual scientists in 

peace time after the war than was. done as the rosult of war needs and war 
pressure. 


MR. GLICK: I assume that science needs "support" in a democracy in a 
broader sense than merely financial support, When people see the results of 
science producitg problems and disorders rather than progress and power, they 
may lose admiration and respect for science, This suggests the following 
question: How can dependable scientific knowledge be brought to bear on the 
social and political problems of our day? Or, to state this question in an- 
other way, what is the relation between "science" and the socio-economic order? 
To state this question in still another way, can scientists do anything, as 
scientists, about the temdency for its results to be used, frequently, for 
destruction rather than for creation and progress? What? 


DR. CARLSON: Scientists are just well trained citizens. If united 
on a proposition, they should be able, as citizens, to aid society in work- 
ing out solutions of practical problems. better than those not trained in sci- 
“ence. But the use of the fruits of science for purposes of war or destruc- 
tion rather than for the broad welfare of society is not so much a matter of 
intelligence as of ignorance, emotions, greed, and fear. The only cure for 
this that I can see is better adult education, and this terrific burden can 
not be carricd on the shoulders of the scientist alono. The various ills 
of our social-economic order are partly a matter of tradition, partly a 
matter of human selfishness, and partly a matter of ignorance. As I see it, 
true scientific education and true scientific research will be of material 
assistance in slowly changing man's emotion and man's greed, but science 
thus applied is not a cure-all, effective over night, or in a single genera- 
tion. It is a matter of the long pull, persistence, and patience. 


MR. GLICK: What should the government do about scientific research? 
Encourage it? If so, how? Leave it alone? If the government supports sci- 
entific research financially, what is the danger; will this lead to limita- 
tions upon the freedom of scientific inquiry? 


DR. CARLSON: Yes, government financial support of scientific re- 
search, if carried out by the methods and techniques of myopic ‘bureaucracy 
can and undoubtedly will lead to limitations on the freedom of scientific 
inquiry. Autocracy is foreign to scientifie inquiry, am the fullest indi- 
vidual freedom is a necessity for the individual investigator, if in the long 
run the best results arc to be obtained. I think it is an axiom that with 
man, as we know him at present, autocratic power, whether in politics or in 
science, can be trusted with but few people for short pcriods and with no 
people in the long run. I think Great Britain has shown one way in which 
government may support independent rescarch institutions without the danger 
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of dictation by myopic governmental bureaus. t believe the machinery used 
by our National Research Council in allodating financial support available 
through one of our large foundations for research on sex; of allocating 

such support to the institutions and individuals engaged in this type of re- 
search, and best qualified to carry such research through, could be applied 
without great difficulty to govermment support of research outside of the 
direct research arms of such government. 


DR. DEMING: Dr. Carlson, I have been interested in the British plan 
of providing grants to the universities for the support of research. Your 
suggestion that we might well think seriously of formulating a similar plan 
for this country has far-reaching possibilities. You spoke highly of the 
National Research Council and suggested that it could thc trustcd to admin- 
ister funds from the public treasury if any plan such as British Grants Com- 
mittce were put into operation (p. 226 of your lecture). Then later (p. 228) 
you questioned soriously the recommendation of the National Resources Com- 
mittce. I should like to understznd your point of view amd what you would 
put in place of the recommendation of the National Resources Committee. 


DR. CARLSON: Maybe I did not make my point clear. There does seem to 
be a contradiction in my apparent approval of the British University Grants 
plan and my questioning of the wisdom of contracts for research on the part 
of our own government with such bodies as the National Academy of Sciences 
and the National Research Council. Let me try to clarify this point. The 
government support of research in Great Britain is direct to the universities 
and hospitals under the guidance of the Committee of University Grants. These 
arc, in part at least, the places where the actual research is done. Now, the 
National Academy of Sciences and the National Rescarch Councils arc advisers 
to our fedcral govcrmment on research as well as on othor probloms; and I do 
hope that in the future our federal governmont will make morc use of these 
bodics in an advisory capacity then it has in the past. As to this advisory 
sorvice, these bodies can show a good record, both as to intelligence and so- 
cial conscience, But these bodics are not research institutions, or at least 
they are so only in a limited way. They are aggregations of scientific men, 
in most cases still connected with universities. At most these bodies should 
be made advisers to the government in the distribution of financial aids to 
research; that is, to those institutions that are actually doing the re- 
search. But I think it would be still wiser to Have the question ‘as to tle 
machinery or agencies for fedcral financial aid rcé-studied, because I am 
afraid of the well-known political technique of wire pulling and log rolling, 
should substantial amounts of federal funds be available for the support of 
research in the universities and colleges of the land. Ishould not like to 
see the National Acadeny of Sciencesor the Natiomal Research Council made 
virtual "holding companies," dispensing public monies to the colleges'and the 
universities. 

DR. DEMING: What changes in our educational or political system would 


you recommend in order that our national and state legislatures could ade- 
quately handle questions regarding the dispositim of funds for research in 


Tee xe 
5) 


the government departments, experiment stations, and state universities? 


DR. CARLSON: I am not sufficiently informed as ‘to details of pre- 
sent legal restrictions. Certainly there can be no legal restrictions re- 
gard ing government support of its own research department s and the exten- 
sion of tham in the so-called state agricultural experiment stations, that 
is, the land grant collogcs. So far as I know there are no legal restric- 
tions that would prevont federal support of rescarch in the state universi- 
ties, any morc than thore is against such support on the part of the legis- 
latures of the several states. But as I have tried to pointout, if we once 
embark on. a program of federal financial support of science in the sense of 
education. and of research, such support should not be confined to the’ pre- | 
sent departments of government and to state institutions, but should’ be’ 
distributed to all bona: fide educatian in scicnee and rescarch in scicnce 
in the nation. Tho legal part of this should offer fow difficultics. The 
best machinery for the implementation of such program is tho problem be- 
fore us. The ablest minds of tho country must sit in in solving this prob- 
lem,. which essentially is one of making merit alone count, with as much 
freedom from political interference in the education and research in sci- 
ence as is possible in the present world. 


iysg eDR, DEMING: Do you think that the various scientific press releases 
and ‘popular scientific magazines could accomplish anything in the education 
of the public along the lines of scicntific inquiry? : 


DR.. ‘CARLSON: . Yes, scicntific press relcascs and popular scicntific 
magazines could be moré effective in the promotion of adult education in:sci- 
ence than they are now, if they’ were more accurate and would not sacrifice 
truth for the sensational, the dramatic, and the miraculous. 


MR. WILSON: It seems to me that there are two aspects to this thing 
of support for science in democracy. One is the aspect of financing science 
and I agrce with Dr. Carlson that with the compctitio of these new social 
domands of thc statc, social socurity, old age, and all those kinds of things, 
it is hard for education and science; but it scems to me there is another 
problem at a lowcr lovel, omd.that is thc cducation on the part of the great 
mass of the public for an approciation of scionce and what science is, and 
for its cultural aspects. If an appreciation of scicncc by the common man, 
so to spcak, were widospread, then that appreciation would reflect itsclf 
in the attitude of public financing for scicnec. And that raiscs in my mind 
the question of how to gct the gencral mass.of pcople intcrested and appreci- 
ative of science. 


In that connection I think the Science News Service is one of the most 
important scientific enterprises of today. I feel that there must be a lot 

of readers, general readers like myself, that read the science news releases 
in the newspapers, and that thcy really arc or could be instrumental in croat- 
ing an understanding attitude in the great mass of the body politic, which 

is necessary to have in order to get support for science especially if sci- 
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ence will have to depend more on the government. 


DR. THONE: I think you are right about that. I think the movement is 
growing rather encouragingly. I don't know that it is doing as well as it 
could. Of course it never does as well asit sharvld in’owr notions, but I 
have seen some rather encouraging signs just recently. One is the way these 
little science digest magazines secm to be going. Three or four of them are 
relatively new and they carry some pretty good articles in them. The science 
books, popular science books, with, I suppose,some of the technical ones out- 
sell fiction. I really hadn't expected that much. Of course, Science Service 
is always inclined to take a certain amount of glory for the use of science 
in the newspapers, because before wo entered the field, scicmce was badly ne- 
glected in the newspapers. You remember as well as I the standard proceed- 
ings. :..if-a science meeting came to town they always sent a cub reporter, the 
rawest and greenest reporter on the job, and he looked around, picked up a 
program, selected the title with the longest and most incomprehensible words, 
and proceeded to write a josh story about it. Now, however, the josh story, 
if one does appear, is laughed down by the professional science writers. 
There is a group of professional science writers now, a dozen or so, that 
follow all the various science meetings; and the local newspaper, instead of 
assigning the man they ca spare easiest, are very much inclined to send one 
of the best men. 


My onc criticism cf the science writers in general is that most of 
them do not have formal training in science. The deliberate and announced 
attitude of the Associated Press, for example, is that if you have a profes- 
sionally trained man, he writes over the heads of his readers. I think 
Seience Service today proves that to be false, but the newspapers stick to 
that thesis just the same. Of course they are daily hedging, because the men 
they have assigned to the job are highly intelligent, and the more they stay 
on the job the more they know about science. 


MR. GLICK: I wonder if we could have a brief statement of how Sci- 
ence Service is organized and just what it does. 


DR. THONE: Well, I shall need about three-quarters of an hour to do 
it properly. I should have to go back to the beginning. It goes back to 
Ee. We Scripps and his friend Williom E. Ritter, who was head of the Zoology 
Department of the University of CaLifornia. The two became very ereat friends, 
Ritter became one of Scripps' principal advisers in the philanthropies tha 
he indulged in, as rich men did when they thought they were rich. Now that 
they think they arc poor they don't do it so much. This all happened before 
the War. Scripps was rathor fecoling his way around. The War, with the 
tremendous contribution of science and technology, immediately crystallized 
something in his mind. Afterwards he said to Ritter, "Science certainly is 
going to play a very great part in the life of civilization in the future in 
peace as well as in war. Since it is going to do so, it is important that 
the people in this democracy know something about this great source of 
energy, this great source of power that they are wielding, that they have 
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wielded heretofore blindly or under the leadership of people just as blind as 
they and sometimes selfish to boot." 


So he proposed to organize the thing that eventually grew into Science 
Service. He put up a certain amount of money, and even yet we are getting an 
annuity from his estate. So that was the launching of Sciences Service. 


Primarily we were to supply daily mimsographed news stories about sci- 
ence to the newspapers, and we still regard that as our principal function. 
Then once a week we send out an illustrated full-page shect, and there are 
also ovher services, but far and away the most importent thing we do in our 
own estimation ts the scryice to the newspapers. Second comes the Science 
News fetter, which circulates now to abcut 36,000 people. We had no idea of 
starting anacazime, A few people, only a dozen or twenty, wanted to get 
thoss mimcocreavuca sheets, so once a week we bundled them up and mailed them 
out i) Sher ur letter form, and that is how it started, and that is why it 
Was Calici Scionce News Letter. As a matter of fact, we deliberately chose 
an unaotractive name, trying to suppress it. It grow anyhow. 





MR. WILSON: How do you got your dope? 


DR. THONE: Well, wo come ower here and ask questions, or telephone 
over, and do the same teing to everybody else everywhere else. We examine no 
end of journals, reprints, abstracts. Mountainous piles of paper came across 
our desk. We send people out to scientific meetings. We have a number of 
ecrrespondents who write for us on space rates, quite a number in this country 
and a few abroad. 


DR. BLAISDELL: It seemsto me that you would havo a great deal of dif- 
ficulty trying to keep up with the developments and trends in scientific re- 
scercth, because from the very nature of the subjcct, thosc are highly tenta- 
tive. I imagine you sce what I am getting at. You aim to publicize the re- 
sults of science in order that they can be more widely disseminated among the 
comion people. Isn't there a real danger that in publicizing those results 
there will be some mistrust and misgiving? 


DR. THONE: Yes, there is always that danger. Of course, being human, 
we frequently fall into that trap, but we have learned that thera arc at least 
a few gencralizations to look out for. We used to get mit every two or three 
yecrs a sort of a lookout for this list, which we would send out to our editors, 
stories to be careful of, the kind of stories that we ourselves rarely or never 
publish, that we caution the editors against using--perpetual motion, cancer 
cures, voyages to the stars, fantastic things like that; and then other things 
that are more plausible, such as the discovery of a giant extinct race. 

Every time someone finds a skeleton that was buried in thc supine position 
and the feet flop down, they measure from the tocs to crown, and a man of my 
height might very casily measure nine feet when they got through with him. 


DR. TUCKERMAN: I was guilty of "newspapcritis" once. One of the best 
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stories I ever turned over to them was when this light contrete appeared in 
Sweden. You blew it up by putting aluminum in it. I called up Watson Davis 
and said, "raised biscuit of concrete, not so light as mother used to make, 
but twice as durable." That was the caption. Now the technical facts were 
there, you sce, and that went all around the world because we had the right 
sort of newspaper caption. The Engineering News Record cussed us out for © 
making &@ newspaper story of that, but here was a purely technical picce of 
work, you seé, that was blown up this way andmadeto look funny. The infor- 
mation went around the world. It was quoted in Australia. The point I criti- 
cize is that -the.magazines get so ,mch material that when they get a nice 
little newspaper caption they are not so careful about the facts. 


MR. WILSON: JI wonder if in our field in agriculture we are missing 
something by directing so much of our publicity and information on the ap- 
plied level md not stimulating enough appreciation of the fundamental. 


DR. THONE: Ithink it would help some if some of yor releases gave 
a little more of that. Taking what I regard as three specific examples, the 
last three yearbooks, they are beautifully brilliant, and get a general con- 
census of the whole field, even if only symposia. They are the most highly 
successful biology books that I know. I think possibly if some of those 
things were developed as news articles that they would have a good chance of 
being used. 


DR. TUCKERMAN: I have had this come up. Here is a problem that we 
can't solve and we have tried to persuade people that we should have a back- 
ing for something. that we don't see, and which promises no immediate useful- 
ness. Can I get money for it? 


DR. WOODS: I have been going up before appropriation committees for 
this Department for close to forty years and I never have found a committee 
that as a whole wasn't favorable to fundemental research, whether we could 
show any immediate returns or not. In all of my experience, amy sound piece 
of research has always had their support, and I have known them to make ap- 
propirations for such types of research even against the reconmendation of the 
Bureau of the Budget and the President. 


~ DR. KELLOGG: Good exsimples of that came up from time to time. I have 
seen instances in the past of the House and Senate Committee adding items to 
the agricultural bill for fundamental research that had been thrown out by 
other people along the line before the bill cven got to the committee. There 
is a problem of selling fundamental research in the Department of Agriculture 
long before you ever get to the point of the Congressional Committec. 


MR. WILSON: Most of our reports of experiments and that kind of thing 
are not wholly but to a certain extent dealing with the past. Now, shouldn't 
we play up to the public the future as well? Here are problems arising or 
developing. Why couldn't we express the hope that science could do something 
in connection with them? 


tO eet Ah = 2s 


Dr. Stockberger, you have seen this thing for a long time; what is 
your comment? 


DR. STOCKBERGER: I think the history of the Department, so far as- 
I know it, when looked at in the large, will show that while there may. mave 
been on certain occasions some evidences of attempts at control, by and 
large there has been a great degree of freedan in the research work which 
has been carried on, and I think that the same principle applies to the 
government supported institutions, particularly the lend grat collcgcs.. 
The trouble that I sce in the lend grant colleges is not so much domination 
by censorship on the part of the government, but yiclding to too imch popu- 
lar sontimont, or bclief in popular sentiment, with regard to their activi- 
ties. I cite as an example the fact that fa eramt colleges have pretty 
generally now dropped the study of any language except English. 


DR. WOODS: In many institutioms the men engaged in teaching have no 
time for research. Nebraska has just taken the step, in the unicameral leg- 
islature, authorizing tho university to limit its student enrollment to the 
point where it can be effectively handled with the money available. They 
can cut down to 2500 if they want to, even though 5000 may apply. We have 
never before felt authorized to do that. We have felt that every applicant 
who wants to come into the land grant institution must be accepted if he 
meets the fundemental requirements. This is the first legislative authority 
that has been granted to give the right to a faculty in a state university 
to limit the onrollment to the number that they can profitably handle. 


th DR. TUCKERMAN: I hope they do it. There are several reasons why I 
left Nebraska, but one was that they thought I should dable the hours I 
spent teaching. I really felt I wanted a little time to think. Maybe I was 
foolish. 


MR. GLICK: ‘The subtle influence of the research worker choosing one 
lineand rejecting another line because one will invite funds and the other 
will not, is present also in independent and private rescarch institutions, 
because they know that the administrators of private funds will make their 
grants for research, bearing that kind of research in mind. 


DR. TUCKERMAN: "Man shall not live by bread alone .. .": After all 
the direct contributions that science can make to civilization, at least if 
we exclude psychology and sociology, lie chiefly in the field af "bread." 

I do not. agree with those who say the contributions of science have made the 
problems of society worse, but the notable contributions of science to the 
world in the way of "bread" have, as we all know, done little if anything to 
settle the age-old problems of a satisfactory social organization. Nor can 
man livc by reason alone. Science, the embodiment of reason says "if you do 
certain things, certain things will heppen." Technology says, "I want to do 
this sort of thing" and asks science "How shall I do it?" Neither can an= 
swer the question "Why should I do it?" except on the basis of postulates 
arising from sane source oxternal to science. A social organization can be 
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judged satisfactory or unsatisfactory only in terms of such external postu- 
lates. 


In these United States the traditional postulates are formulated in 
the Declaration of Independence to which we all do lip service. We sum them 
up under the cliché "democracy." I personally, have been so conditioned by 
training that the essence of these postulates seem to me to represent the 
only basis upon which a permanently satisfactory social organization can be 
based. However, I seek in vain for any sound scientific basis for this be- 
lief. "Lord, I believe, help thou mine unbelief." 


Granted this firmly entrenched belief, I look around over this, my 
country, and am grievcod to see how far we fall short of the ideals set up 
in these postulates and I osk myself wherein I as a scientist, or scientists 
as a group, can assist in their more perfect realization. How can science 
or scientists aid in implementing democracy? Can science or scientists per- 
suade the people of this country, and more particularly the leaders of public 
opinion really to want the fullest possible development of democracy in it 
and not merely say they do? 


Perhaps psychology can answer that question. 


Granted that we really want democracy, how can we best obtain tho ade- 
quate free and effective expression of the popular will, which is one of the 
fundamental postulates underlying democracy? Here, I think, science can help, 
Since the days of the French revolution able mathematicians have devoted much 
thought to the theory of voting. Such names as Laplace, Lagrange, Condorcet, 
and Nathanson may be mentioned. 


Out of it has come a body of theory well verified in practice which is 
practically igmored in our wsual system of election. Only in a few of our 
cities has any application of these theories been made, but where applied 


(Cincinnati for example), they have in almost all cases resulted in more satis- 


factory social conditions. 


























aa feat am eit 








one ones Ott... Caeser ‘yhe tt 
ee ee ood 
ee ee 
0k ane waits 3 -W SitERRO » Aiea Ye 
ie mee ec ta kee 1 Seta RT 
\ 0 ae ba i ; 
mal ee Se Senne. LetRMOaT pd) x te paronenny et 
| le gg tay aks a re ’ 7a Dewertin. LR: wae ae heh Gam « i 
; ee ” dj ‘ oe Ith A pi ubanantgt has H j . er 
on et } tg an hae parte xy oe 
hitokt at eee » ecomt Gut aegis Bases ee , 72 
moter Lanctnd a eee 
ae he ee 
| ht RF Saal nits Ce we Toke ti se 


Ms wits ached rae, oe ane vil aaron ae 2 eyes vied 
tp, CO ER ATL ni th MK 204 ae he pakenes a CF 


aBie- a ii S “ f A) octe CAaW <r 
ied cee wore AR a “Fpian eee a BAe it ee see 
cpillachinisihgaligianeacaiaaa a vat seabaagarers, fast at. to ae 


if! gPGOMte ili Gh ee ee es beth ,. inne nail  ¥ wa 











He whoa nerguony ut Hasaitat 2c0e “ymedt te aed 1 aoe ae =e 
‘Qs to we ? wind “\antaomie y eg Reset wo as “Serco 


Way "1 wel bi vet r r 
hatdnes enote Koo. one pod, nebpnuape: pene Me cote vane 
wif 


ofa RACY, CME ThE nen > BRS Lit DO rar eal ie. de AS tes Le ren shee) 








kee ‘ 
Do, h 
Do 
Ten Lectures and Discussions on oe 
SCIENCE: Its history, Philosophy, 
and Relation to Democracy | 
held at the Department of i 
Agricultural Graduate School i 
under the chairmanship of i 
: 
M. L. Wilson M 
Under Secretary of Agriculture ‘ 
‘ 





Edited by W. Edwards Deming 





Assistant Director of the Graduate School ' 
i 

Lecture X \ 

THE PLACE OF SCIENCE IN DEMOCRACY | 

it 

by i 

i 

Mi 

H. Levy i 

Professor of Mathematics i 

The Imperial College of Science and Technology “i 
London ; 

e i 





The Graduate School 
The Department of Agriculture 
Washington 
1939 
















; ie 


| “wine 


$0 Seve ange ott ts bie 
| Lodo ehapiuys tea s033 uns ; 
: s gg helesaery Labels: net “* ovis 


r ; | | nice Ye / ae 
; onal te Aw oe Leta. -- on: 


eo ‘ yet 

ain ; pot Lore: ae -@n ad be: ia Joe 
Penis » eoatio® at aba? etd Be ater: < fxoteleag oh 
y i , bait g nh rae 

Be ree | 
‘ “ « é a a 
m, FasL OMe Wt esate oe xe aa 
q yee : as : 3 FA 


ony a) tt Maa - 
' PN Pe | rar’ 
a ung a Vit i pl “5 ee 
base cage iv ; 

5 (hs) f by . 
, m) pie i eine ‘ YY . 

a 


I Co eee 









THE PLACE OF SCIENCE IN DEMOCRACY 


by Dr. H. Levy 
: Professor of Mathematics 
The Imperial College of Science and Technology 
- London 


In the auditorium 
Ih 


It is rather a venturesome thing for a scientific man to step be- 
yond the restricted boundaries of scientific investigation to deal with a 
problem that in the past at any rate, has been essentially within the prov- 
ince of the sociologist and the philosopher; but in this world of science, 
for good or ill, we have come to recognize that the walls which have arti- 
ficially separated off the internal field of science from its wider geog- 
raphy no longer stand as clearly built, as solid as they did. What happens 
internally has repercussions externally which have sometimes been rather 
startling, and vice versa. Unless we can study this subject of science 
internally and externally and then bring the two together, we shall have a 
completely false view of what it means to us. I take it that the purpose 
of this course is precisely to study that particular problem. 


Now, it is not as if the subject has been broached for the first time. 
Many philosophers have already become weary and wary of such problems. 
There is’a school of philosophy of which many of you must know, the logi- 
cal positivists, who consider that the essential problem is to discover 
how to ask a question. They are not concerned with the actual question 
so much as the way in which the question should be asked. While I am not 
myself concerned to say that that is not an important thing--indeed I am 
with them in the sense that the kind of answer you get depends on the kind 
of question you ask--yet I do still feel that there is not anything very 
surprising in the fact that there should develop, at this particular time 
in the history of the world, and particularly in the history of Europe, 
such a school of philosophers. Today in Europe it is rather dangerous to 
ask questions; it is much safer to discuss how a question should be asked. 
And so if the implication is valid, the situation in Europe today seems 
to suggest that the focus of interest of philosophers at any rate is very 
closely conditioned by the general state of affairs in which they live. 


That story is also to some extent the story of physical and of bio- 
logical science. We have come to recognize that the focus of interest of 
scientific men has changed throughout the ages, and in various environments. 
It has changed in space and in time. Thus the study of scientific prob- 
lems, the analysis of the actual physical processes that take place, raises 
tn itself also a problem relating to the study of science. When scientific 
men examine this problem and that, in this context and that, when they shift 

= the focus, we should expect to see something of the same type of regularity 
SPse! ah that movement as we find in any other natural process. 
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The activities of scientific men and the activities of all those 
people in the community who apply science to production, to technological, 
social, and human ends, all are themselves objective processes in nature, 
part of a changing society, part of nature; and who will say there is any 
aspect of nature which is not amenable to scientific study?* 


But we have to be clear about the nature of the analysis. The meth- 
od that we apply to the study of the physical sciences is-not, as it stands, 
entirely applicable to the study of the biological sciences. If you apply, 
for example, the objective measurable methods which you learned in chemistry 
and physics to biology, then naturally your method will act as a sort of 
sieve through which will pass those problems in the biological world that — 
are not amenable to that kind of treatment, and you will sort out of the 
world of biology just those problems that can be classified as physical or 
chemical, even though they have biological forms. * 

If you are to turn your attention to problems of a biological nature 
other than physical or chemical, then you will have to extend your method- 
ology in new directions. New methods of approach have to be taken and new 
concepts pieced together in a new logical and scientific way. The mind of 
the scientific man has to adapt itself to the changing material and the new 
forms of behavior that have to be examined. So if we imagine that the pres- 
ent methods of physical, chemical, and biological science suffice in them- 
selves for a study of the social problems of science, indeed that particular 
social problem that consists of the study of the shifting focus of science, 
then we may make a very great mistake. We have to see the scientific method 
itself expanding and developing with the expansion and development of the 
material to which scientists turn their attention. 


Having said that, we begin to see that the methodology and the scope 
of science is a historically changing phenomenon, and that both are likely 
to be wery closely conditioned by the social environments in which they have 
developed in the past. We have the impression, you see, approaching science 
from the inside, that we are merely attempting to extend the boundaries of 
knowledge; we are attempting to accumulate as much information as possible 
about the objective world around us, and that we approach this in a com- 
pletely unbiased, completely objective way. Judgments and valuations, likes 
and dislikes, bias and prejudice, play no part. That, at any rate, is the 
kind of theory that is felt to express the methods which scientific men ap- 
ply. So far as scientific men are conscious of the existence of bias and 
prejudice when they occur, I would be the first person to say that they dis- 
miss them from the problem entirely, but there is such a thing as an uncon- 
scious world of thought and feeling. That is a matter for investigation by 
psychologists and sociologists. There are many unconscious pre-judgments 


which we introduce; although we are unaware of them, they nevertheléss show 
themselves in our actions. 


* cf. Professor Conklin's remark at the top of p. 73. 
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How do these things enter into the field of science? Supposing 
we were to construct what I will call a spectrum of scientific knowledge. 
Let us say we have an extended band and we place the amount of informa- 
tion we have in the different scientific fields along it. We will begin, 
if you like, with the mathematical sciences at one end,- passing through the 
physical sciences, through the chemical and the biological sciences, to the 
psychological and the sociological sciences. We can imagine that this spec- 
trum shows the intensity of knowledge--if you like, the intensity of en- 
ergy--that is being devoted to study in each of these fields. At the pres- 
ent moment we could map out such a spectrum if we had the information. It 
is an extraordinary thing that scientific men have little information 
about science. Here is a picture of the activity of science which you 
would imagine we would be keeping continually before us, and yet there 
does not really exist full information that would enable us to map out 
that spectrum. Who can tell what we are doing to the community; who 
can tell what we are doing to democracy with our science, unless we 
have a balanced picture of the science that is? But that is not all. 


Each of these particular fields represents the energy of human 
beings. At one point you have so many thousands of people in different 
countries devoting their time and attention and public finance to the 
maintenance of study in the corresponding fields. Which particular 
fields are being encouraged to the detriment of others? Which particular 
fields should be encouraged; and I underline the word "should". It in- 
volves a judgment of some kind. 


As soon as we use the word “should” in this connection, we are 
suggesting that science functions for some purpose; that if you are go- 
ing to make science function for a purpose, then you will begin to allocate 
your funds in some consciously purposeful way across that spectrum, you 
will allocate the energy of scientific men according to a particular kind 
of distribution. If we were conscious of the purpose of science in 
democracy, the purpose of science in the community, if we knew why we 
were pursuing science and what our conscious objective is, if, in fact, 
we could plan it socially, then we should be able to say, "On such and 
such a principle it is quite clear that the distribution of energy 
should be so and so; our funds in the future will, roughly speaking, 
follow such and such a form of distribution." JI am not suggesting, of 
course, that on a matter like that you can have the kind of detailed 
and accurate knowledge or the planned arrangement that you can have in 
the self-contained, controlled experiment in the field of physical sci- 
ence. What I am really suggesting is that we should begin the scientific 
study of this question sensibly. If we are to talk about the function of 
science in democracy, we must have the data on science, and the sooner we 
can accumulate that data and determine where that energy is distributed 
across the spectrum, the sooner we shall be in a position to talk about 
what science can do for democracy and what democracy can do with science. 
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We know that in the ordinary spectrum there are ultra-violet and in- 
fra-red sections; there are rays that can not be sensed in the ordinary way. 
In the same way there are bands of scientific knowledge that have not yet 
been touched, there are sections of the spectrum that have not been opened. 
So far as Ae are untouched they lie in the future, but they represent 
certain untapped resources of energy that man can still set about to apply 
to the future development of democracy; but unless we set about it ina 
systematic way, we shall be unable to apply them to the fullest and most 
scientific extent. 


IV 


This spectrum has changéd throughout the ages. In what way has it 
changed? What is it that settles the nature of that spectrum? I am not 
going back over the history of this matter. It must have been dealt with 
to some extent in previous lectures, but you can imagine the kind of spec- 
trum that could have been drawn up, shall we say, for the early agricultur- 
al stage of human society, embodying a knowledge of tools, the implements 
for the tilling of the soil, the biological understanding which an ag- 
ricultural community would accumulate in attempting to pursue its activ- 
ities in such a way as to be certain of the outcome of its work. for 
the pursuit of science is the pursuit of certainty. It is an attempt 
to make what is fickle and unsure into a certainty. What lies in the 
future is uncertain: what lies in the past is certain, for it has ~ 
already happened. We apply probability to the future: we apply deter- 
minism to the past. And the whole of science is an effort to apply to 
the future what has already been applied to the past, to make the future 
as determinative as possible; to be able to plan in a conscious way, 
satisfied what the outcome will be.* 


Thus science and the scientific spectrum of the agricultural period . 
would embody the kind of knowledge, experience, and technological appli- 
cation that the people of that period would require. ‘So also with the 
feudal period, so also a distinctive distribution during the mercantile 
period, during the early industrial period, and during the modern period 
of finance and industry. Each particular state of historical develop- 
ment of man would correspond to a particular color distribution of sci- 
entific knowledge built always on the knowledge of the previous stage. 
The history of man is the history of human beings accumulating experi- 
ence about the world and changing it in the process, and one aspect of 
that experience is scientific knowledge and practice. 


When we see it that way, two things stand out. We see first 
the fallacy of imagining that science is a thing in itself, that 
science stands outside human endeavor, that science has not been 
created by man in his struggle with nature. Secondly we see how 


* Compare with Professor Morris’ statement that the test of the 


reliability of knowledge is accuracy in prediction; p. 160. 
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science has passed from one level of achievement to another, each level 
building itself on the previous one. In the early stages, man struggles 
with physical nature. He passes on to use that knowledge to struggle 
later with biological nature, the rearing and domestication of animals, 
the raising of crops, and finally with the biological problems of man 
himself. Problems of method are aroused. He begins to be faced with ur- 
gent sociological problems and he concentrates on the social evolution of 
man. Finally he is driven to a study of the interaction between these re- 
strictive fields which themselves emanate from the struggle of man,man him- 
self as a member of the social group. The very fact that today we can 
meet here to discuss science and democracy is an indication that we are 
now striving to find a footing at a new stage of human development. 


V 


In 1660 the Royal Society was established in London to study phys- 
ical nature and its processes, That period was a very significant one in 
the history of the west. It marked the beginning of the industrial rev- 
olution, the very early days of the coming of machinery to the west. Not 
consciously for that purpose perhaps, but nevertheless apparently so when 
historically seen, the study of.physical problems was pursued with great 
vigour, and we see historically the outcome of the studies applied in due 
course to the development of machinery on a phenomenally increasing and 
enhanced scale. The society of men to which that has been applied itself 
undergoes transformation. A Europe that was part feudal and part mer- 
cantile became transformed into a Europe of industrial tenements, slums, 
workshops, factories, wealth and poverty, with all the outlook, judgments, 
and values that men, women, and children acquire when they live in con- 
gested towns. 


Those thoughts are associated with 1660; and today we are apparent- 
ly on the eve of new changes, We meet here, as meetings are being held 
like this almost in every civilized country in the world, to discuss what? 
To discuss the relations of science to society. The focus of men's minds 
is being turned to the social aspects, the social repercussions of that 
science; and instead of now concentrating entirely on the old spectrum of 
scientific knowledge and its internal content, we are now beginning to 
ask: just exactly what has all this done to the society in which we live? 
We are breaking into the ultra-violet and the infra-red. Questions such 
as these could be asked in sensible form only when those other aspects of 
science have worked out in such a way as to transform the outlook of man. 
It has been an experiment on mankind which has now reached such a stage 
of development that it has produced men who can look back on the experiment 
and begin to examine it. We have reached a new level of scientific under- 
standing because we are able to pose a deeper problem about nature. When 
we examine this new problem, science in a democracy, in civilization, and 
in social life, the danger that we are faced with is of the kind that 
philosophers put their finger on when they say, "You have to be very care- 
ful how you use words," When we talk about science and democracy some of 
us tend to think of democracy as being the summation of the highest form 
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of social organization that could have been produced throughout the whole 
of man's history, and so we think of democracy as being the last word. Yet 
if we go back to the 1660s when the Royal Society was founded, before the 
industrial revolution in Eurpoe, there was no democracy in the modern sense. 


Democracy is something that comes into being when a country becomes 
industrialized, when science is applied to develop industry, to start fac- 
tories, to bring people into towns to work in these factories. We cannot 
have a population working in highly technical processes, complicated ma- 
chines, read blue prints, carry through the necessary calculations to 
organize and devise highly skilled mechanical jobs in large scale produc- 
tion, without educating the population. If we go back over the history 
of England, we find that the principal educational developments that took 
place in that country occurred during the period of industrialization, and 
that it was during this period also that the people of England got their 
democratic rights, their rights to vote, their rights of free speech and 
free industrial association. The great drive for technical education in 
England arose during the early days in the 19th century. All these things 
followed in the train of industrialization. 


It was no accident, but a necessary corollary. We have to think of 
democracy as being the outcome of a technical age. The difficulty is, that 
having just found ourselves in a democracy, we tend to make a kind of ab- 
straction of it from its historical and social context, and talk about it 
as something absolute. If we will think of democracy as the outcome of a 
technical age, then we can see the changing forms in which human beings 
have aggregated themselves together in society. The kind of institutions 
they have to set up to carry through their work, and to express their 
human activities, legal, religious, scientific, political, distinctive 
for this period, have been built up since the technoligical age came in- 
to being, and these we call democratic institutions. Science develops 
as part of this historically changing process. 


VI 


The question we are asking is this: exactly what is the function 
of science within this democracy? And we are thinking of the one growing 
within the other, each influencing the other. 


A difficulty arises just as soon as we raise a question like that. 
If you take an ordinary physical problem, like the kicking of a football, 
(or should I say the striking of a baseball?), then we think of force be- 
ing applied to the ball. The force is external. After the blow, the ball 
goes off with some measurable speed. The whole analysis of physical prob- 
lems in the past and into comparatively recent time has been the cause- 
effect analysis; single cause and single effect. That kind of analysis, 
that outlook, has impregnated our modes of orderly description. Even if 
we discuss human beings we say, “So and so is responsible for that," that 
is to say, we blame him for this, we make him the sole cause. We isolate 
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him causally from the whole universe and do not regard him simply as part 
of the universe. ey 


The isolation of cause and effect, in the restricted sense in whidh 
we apply it in physical science, cannot possibly be the whole story when 
we investigate social problems. That is what I meant earlier* when I 
said that the methodology of physical science must not be applied in a4 
mechanical way to the solution of these other problems. I might maintain 
on the basis of what I have already said that since science is the out- 
come of a developing society, society is the cause and science is the 
effect. It is equally clear, however, that science applied to society 
transforms it, changes it drastically. Think of the changes that came 
over the British people in the 19th century during the industrial rev- 
olution and you will realize how much science and technology change 
society. Thus science now becomes the cause and the changes in society 
are the effects. So here is society, on the one hand the cause, and sci- 
ence the effect; and on the other hand here is science the cause and the 
changes in society the effect. Which is cause and which is effect? It 
is like a dog chasing a rabbit. Is the rabbit running away from the dog, 
or is the dog running after the rabbit? Quite clearly, cause and effect 
cannot be disentangled in this mechanical way. The two are united for 
certain restricted purposes. Look at it from one end and see science 
and society as cause and effect, or from the other end and see society 
and science as cause and effect; when you look at it from either end you 
are taking one aspect or one slice of a composite situation. It is im- 
portant to do that of course. 


It is important to examine which particular scientific applications 
to social life are likely to have which social effects, and it is also im- 
portant to know what social features are likely to develop or to frustrate 
science. For example, today in Europe we have a very tense international 
situation, That illustrates in a rather remarkable way this mutual con- 
ditioning of science and society. It is always a good principle in ex- 
perimental science that if you want to investigate a certain characteristic, 
set up your experiment in such a way as to accentuate it so that you can 
measure it accurately, and see it in all its details. If you want to see 
the effect that society has on science, examine that science during a pe- 
riod of social stress. Look at scientific activities today in Europe, 
and probably I should imagine also in the United States: certain parts of 
the spectrum of activity I referred to have suddenly acquired new energy. 
Scientific energy is being expended on the investigation of problems of 
defence and destruction of life and property. We are not discussing 
just now whether this is a good thing or a bad thing; we are not discuss~ 
ing values. It is the objective analysis of science in its social rela- 
tions with which we are concerned. But it is quite clear that today in 
Europe the stress of this international situation--a state of social | 
stress--is forcing scientific men to concentrate their energies and their 


* At the commencement of section II. 
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attention on particular classes of scientific problems. 


Here then is the effect of society on science, and if it is desir- 
able to study that problem, as I personally think it is, then now is the 
time to study it, when the situation is such that the effect on science 
is exaggerated in comparison with what it would be during normal times. 
Now is the time to draw conclusions regarding the nature of the linkage 
between science and society. 


All this concerns the effect of society on science. But there 
is another effect that, it seems to me, is showing itself today. What 
is it that terrifies every government in Europe? War. They see the pos- 
sible destruction of highly industrialized communities, congested towns 
like London, Berlin, Paris, elaborate machinery, expensive buildings, and 
complex commercial organizations to which an enormous amount of social 
energy has been devoted. These represent the creations of scientific 
knowledge applied to technological ends. Is modern society stable enough 
to withstand such an onslaught? Science in its application to war has 
created weapons of such destructive capacity, has made such devastating 
inroads into the problem of destroying life and property, that every 
government in Europe today is terrified of the consequences. They may 
be using that terror to threaten each other, as a political maneuver, 
but that is another matter. 


Here, then is the effect of science on society. Here you have 
a sort of European paralysis in the political and social field. Thus 
here are two effects of science on social affairs, first, the applica- 
tion of science to general technological ends creating industrialized 
towns and cities; and second, the application of science to weapons of 
destruction, so that every government stands in fear of the outcome. 
I am suggesting that today then, since the social situation is in- 
tense, you must expect these characteristics of the interrelationship 
between science and society to show themselves in an extravagant form; 
but I am also suggesting that extravagant as that form is today, the 
linkage has always existed in the past. 


It has not always been direct. There are some people, for 
example, who see only one aspect of this question. My friend, Profes- 
sor Hogben writes on this subject, and he stresses the view that sci- 
ence is produced primarily to satisfy social needs, and that for what- 
ever social needs there are at any particular period in history, then 
finally, sooner or later, the necessary kinds of science will be prod- 
uced to satisfy those needs. 


It is a very simple thesis, but to me that is only half the story. 
Science satisfying social needs is just one side of the picture. Sci- 
ence also creates social needs. Science brings new needs into existence. 
If you can create wireless; people begin to want receiving sets. The 
balance of necessaries and luxuries is altered. There is a shift in 
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social needs in the wake of the application of science. Moreover, the 
relationship is not simple and direct. Precisely what are the social 
needs that are satisfied by a study of the theory of relativity? Which 
particular technological application can one offer to show the importance 
of the theory of relativity? If it were true that science is important, 
only so far as it has social application in that rather crude sense, then 
it wouldn't be possible for people at one and the same time to say, “Why, 
the most important development today in society is either the bombing 
machine or the radio, and the greatest scientist today is Einstein." The 
reference here is to two fields; one, rather abstract, which deals mainly 
with the logical structure of scientific description; the other, dealing 
essentially with concrete sociological application.* 


gah 


In the early stages of man's struggle with nature, the relation 
between science and society is obvious. Man had to make a tool to over- 
come an immediate practical difficulty, and he applied whatever knowledge 
he had to that end. A time arose, however, when his social life became 
more complex. He no longer immediately consumed what he produced, but 
put off the consumption for a rainy day. Thrift and self-denial emerge 
as social virtues in order that the community may survive the dangers of 
the future. In the same way he studies not merely the immediate applica- 
tion of science to a constructive end but the properties of this or that 
which may be useful in the future. Thus there emerges the profession of 
the scientist, and the logically interwoven fabric of theory and experi- 
ment. It is in that that relativity finds its place. Accordingly a 
second order relationship also manifests itself between science and 
society. 


That theme could be developed much further. The history of math- 
ematics, and modern mathematics in particular, bears out the fact that 
the development of the more theoretical sciences comes as a second stage.” 
It has also an immediate social significance. It is important intellec- 
tually, emotionally, and therefore socially, to men. Sums of money are 
devoted to setting up chairs in very abstractbranches of science or of 
mathematics. It is felt to be good educationally. It is demanded by a 
certain traditional need, or an emotional, intellectual, or moral need. 
Call it what you will but it becomes also a social need which must be 
satisfied. When we talk, therefore, about the relation between society 
and science, we shall make a gross mistake if we take an entirely me- 
chanical view of the connection. 


All this has arisen because I have been trying to see how far one 
would be entitled to take the old methodology of science, cause and effect, 
and apply it to a social problem. We have seen that this method is in fact 
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inapplicable if we try to understand the changes in society and in science 
in their proper perspective, in their entirety, and in their interconnection. 


VIII 


‘What exactly, then, have we to do? What kind of methodology should 
we ‘use? In what direction should we change the form of analysis of physical 
science? Well, I think that we have to apply consciously what we have un- 
consciously applied in the past. Suppose we take a history book and turn 
over the pages. The first few are devoted to primitive society, and then a 
large number of pages to the feudal period, a considerable space to the 
mercantile era, and finally we are led to the industrial stage. Thus we see 
a procession of human beings passing across the pages of history, transform- 
ing themselves and their environment as they go from one stage of society 
to another, each particular stage showing its own spectrum of scientific 
knowledge, its own particular grouping of technical application, its own 
system of moral judgment, its own complex of religious beliefs. These 
represent the social development at any one time. It is a process in na- 
ture, and we can examine it to see why it was that each particular stage 
was transformed into the next one. It was not done by miracles. It was 
the activity of human beings that transformed the one into the other. 

Here is a changing pattern in human activity, and we can analyze it in 4a 
restricted way into cause and effect. 


The needs of the feudal system necessarily called for the craftsmen 
and merchants; craftsmen to make harness, the fighting weapons and the coats 
of mail; merchants to bring the spices, scents, and oils from the Hast and 
exchange them for the commodities created by the craftsmen. The feudal 
system forced craftsmen and merchants into existence out of sheer necessity. 
Then these people developed an independence and a social power of their own. 


The next stage emerges as the merchants and craftsmen rid themselves 
of the feudal lords when the latter become a drag on their development. 
They themselves become the dominant group in the community; they develop 
new knowledge from trades, crafts, and navigation. A new band of scientific 
knowledge is added to the scientific spectrum as a new society is being 
built up. We can see an internal cause-effect relationship, but in addi- 
tion to that we can perceive the growing social pattern, and the changing 
form of combined cause and effect. 


It is the interrelation between science and society, between science 
and democracy, that we must also follow as it creates a growing pattern. 
We ask ourselves what kind of science was produced in the early days of 
democracy, and what was its reaction on democracy? At what stage was that 
relation transformed into the next stage of democracy,with the next stage 
of science, and so on? What are going to be the successive.kinds of socio- 
scientific patterns? Each of these can be broken up internally into cause- 
effect relations of the kind we are accustomed to deal with in physical sci- 
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ence, but here we are dealing with a dynamic pattern that subsumes that 
analysis. I cannot go into this tonight, but it does seem to me that 
along these directions lies the analysis of this problem, and so far as 
we feel today that such questions are important we become as it were, the 
agent which brings the new kind of analysis into existence. 


Ix 


We are entering a new phase in scientific methodology. We are 
working out a new part of that pattern. Exactly the same process is shap- 
ing itself now as I have tried to indicate can be seen in social changes. 
In 1660, and for nearly three centuries thereafter, it was merely a case 
of applying scientific knowledge to the making of machines, to the direct- 
ing of physical energy; but now we have reached the next stage where the 
relation between science and democracy, science and the people, has be- 
come one of the people transforming the people themselves, planning the 
future of democracy. It is a tremendous thing that we are undertaking. 

We are actudlly beginning to plan our own future, stretching out to make 

a new people. We now ask what kind of democracy can be planned in the 
future, and to achieve that purpose what kind of a stress has to be laid 

on what kind of scientific work? Which field shall be encouraged and which 
shall not? 


It is a very curious thing that this particular problem--it is a 
scientific problem of a new type--is one in which nobody is paid to study. 
You can ask a man to become a chemist, a physicist, or a mathematician 
with a fair certainty that someone will find his knowledge valuable enough 
to pay for, but if you say, "Go now and study the relations between science 
and society," he can legitimately reply, “Who wants to know that? What is 
the good of it? I see the importance of it, for society, but who wants to 
know it? Who is going to apply it?" We have to be very careful, for sci- 
ence cannot live by theory alone. We must understand exactly what we are 
doing in this matter. Are we studying the relations of science and society, 
and of science and democracy, as a part of an intellectual amusement, some- 
thing to be talked about in an evening, or is there some objective method 
of applying it consciously to democracy? 


The present stage is one in which the physical and biological sci- 
ences are those that it pays men’to study. There are posts in these fields. 
Their work finds fruitful, remunerative application. People have to live. 
Young men today who investigate scientific problems like to see their sci- 
entific papers published in scientific journals. It is very important 
when a man applies for a post to be able to say, "I have published so many 
papers." Suppose he said, however, "I have published a paper on the rela- 
tion of science to society, or on the effect of certain physical discoveries 
on unemployment." Precisely how much credit would a mathematical physi- 
cist or chemist or an engineer be given for a paper of that nature? Very 
little, indeed. You may say that is not his subject. Well, whose sub- 
ject is it? It is remarkable and encouraging that in the United States 
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there appear to be quite a number of universities and government depart- 
ments that are sufficiently keenly interested in this topic, to want to 
develop a professional avenue for it and even to see some of its findings 
applied. 


In England it is done as a spare-time hobby by some people who are 
vividly conscious of its urgency. We have to try to find time for it from 
among a multitude of other tasks. In practice its importance is unrecogniz- 
ed. Nor have we yet the possibility of implementing our findings in legis- 
lature or governmental activity. That kind of knowledge, necessary as it 
is, finds no immediate wholesale encouragement. It is true that the British 
Association of Science this year has set up a new division’ especially for 
its study, but one of the difficulties we are encountering lies just in 
this fact. Those people who conduct such investigations ought to be given 
the same kind of status when they publish their results as is given to sci- 
entific men in other fields. That tradition has yet to be built up. At 
the present moment it can be encouraged only by the actions of public spir- 
ited men of high social consciousness. 


I end therefore on the note that if this subject is to have the 
effect socially that the study of physical and biological sciences has 
had in the past, then somehow or other those people who are in the posi- 
tion to shape public opinion and to shape scientific opinion will have to 
see to it that the younger generation, keen as they are on the study of 
these questions, shall have the opportunity of receiving for these inves- 
tigations the same kind of credit as they receive in other branches of 
science. In that way the historical epoch of 1660 will be repeated three 
hundred years later at a higher level of social understanding. 


* This new division is often referred to as "P. E. P.", for Political and 
Economic Planning. Dre Moulton referred to it on p- 6. 
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Research in industry is conditioned by the fact that the members ef 
the staff are trained in academic institutions; p. 254. 


A planned scientific research program is possible in a democracy, 
and moreover, the democratic method brings forth a cumminity that 
understands the plan, sympathizes with it, and helps it forward. P. 
255. 


The fundamental question is how we can bring about a conscious plan 
for the energy distribution in the scientific spectrum. The leaders 
must have extremely broad training. P. 256. 


Planning is not a static affair, but a castantly changing one. P. 
255. 


Democracy may take various forms in different countries at first, 
but it must converge ultimately to the same thing; pp. 209, 265. 
Scientific men should do their part in insisting that technical 
posts in the government service be non-political; p. 259. 


Scientific men must share their knowledge with the community by ap- 
plying the scientific method to problems of community interost. P. 
261. 


Society is a changing pattern; any experience that a man has changes 
the man. In this way society differs from a physical experiment or 
a@machine. These are able to repeat the samo results ovor and over 
again; yot there are definite laws ied change. relating to human be- 
havior. P, 262. 


The trend of science is not purposeless. At each stage in history 
the purpose has been the creation of the next stage. P. 264. 


Democracy has grown out of the industrial system; p. 265. 
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DR. BLAISDELL: Dr. Levy, this group gathers informally once a week 
with the previous day's lecturer to discuss with him some of the implications 
of the lecture. We try to get an informal discussion started to clarify and 
bring out in more detail the previous day's lecture. 


Yesterday, if I understood you correctly, you presented the concept of 
a dynamic and a changing methodology in science, and moreover you talked about 
a state of dependence between science and society rather than one of mechanical 
cause and effect. I got those points, at least, out of what you said. They 
were extremely interesting to me and I just throw them out here as pore a 
starting point for our discussion today. 


DR. WINTERS: Dr. Levy, you discussed the effect of different sciences 
and the interrelationship of the different sciences on society, then the need 
for a study of what these sciences as a group had done to scoiety. In the 
meantime you discussed the possible need for the redistribution of. energy in 
the spectrum of science for present needs. Would you mind expressimg some 
opinion with reference to what- you. think or how you think our sciences should 
be redirected for the benefit of society? 


DR. LEVY: There are two points one has to bear in mind in that con- 
nection. First, one has to think of the new fields of inquiry that have to 
be stimulated and that have been allowed to lapse or have not yet been inves- 
tigated properly in the past. That is a field associated primarily with just 
the very question we are talking about, the interrelation of science and so- 
ciety; it would throw light on the whole problem of the administration of sci- 
ence in a community. Second, science in its relation to society has been 
bringing out the necessity for a mere thorough-going scientific administration 
of its discovery and application throughout the community rather than its be- 
ing used in the hands of this little group and that little group in the way 
in which that little group thinks it is best either for itself or for the 
community. It is difficult to make a complete illustration because we haven't 
got to the stage yet, but I can give you an indication of what I mean, and 
naturally I must draw on British experience because it is the only experience 
I have. Let us take the British Broadcasting Corporation, for example, which 
is a body that runs the whole wireless system of the country. It is nota 
private company; it is a public company, if I may use the expression. It is 
simply a corporate body which has a statutory basis, I would say. It has been 
set up by Parliament. It employs people to give amusement and lectures and 
educational talks, and so on. It has a staff investigating the technique of 
broadcast production. It has a scientific staff. It has an administrative 
staff. It is studying the problems of administration of such a department, 
and so on. It is studying its internal scientific problems. Now, such a 
department is actually producing. It is producing and purveying the goods in 
the form of amusement, talks or intelleetual stimulus, and so on. What is 
its economics? Well, it receives its income from part of the money which is 
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paid by the people who receive it, that is, receive the goods. That is to 

say, if I have a wireless set, I pay a license of about $3 per year. That 
license goes to the government, part of it goes to the British Broadcasting 
Corporation, and the sum total of that'is their incame, and then they expend 
that in their owm way to carry through its public service, and it is all ex- 
pended either in the form of wages and salaries to the people who are running 
the concern or in the form of further scientific development to enable it to 
be raised to a higher technical levcl and give better service to the community. 
That. is what we call. a public body. It is a public service. There is no par- 
ticular individual to whom it belongs. It belongs to us all. And if it is to 
be criticized and examined from the public standpoint, it is criticized and 
examined on the public forum in the House of Commons or on public platforms. 

So far as we have freedom of speech and so on, we can criticize and discuss it, 
but it has to be criticized and discussed in an enlightened way because they 
have the power of reply in the sense that they have the broadcast. That is the 
kind of thing that democracies are producing, and it gives a tremendous open- 
ing to the application of science to social service. In the past we have 
thought of social service as being an individual thing, an individual or a 
small group helping people who are in distress, but we can transform thé’ con— 
cept of social service into the community, doing the services for the commun- 
ity which are not in the first place so easily or so effectively done by small 
private groups. The expansion of that concept is certain to transform the 
whole relatiomship of science to society,during the process. transforming them 
both. I don't know whether that is an answer. : ' 


DR. BLAISDELL: Do I gather, they, that yo would argue for public sub- 
sidization of scientific research ultimately to replace privately endowed re- 
search? 


DR. LEVY: Well, I wouldn't go so far as that. I think that might come 
afterwards. To me it is immaterial whether the funds come from this particular 
source or from a general source. The community has produced it and is produc- 
ing it, and the fact that it comes through private hands rather than through 
public hands is merely one of your methods of warping the distribution of. en- 
ergy in the spectrum. You are allowing this particular group which possesses 
the finance to determine which scientific endeavor shall be encouraged. If 
you think that jis the most scientific way to do it, well and good. I should 
have thought it was better to plan it. 


DR. STEVENS: Dr. Levy, there is a question I should like to ask in 
regard to the motivating forces in the conduct of scientific work, comparing 
the profit motive with the public service motive. Compare our research or 
our motives with those of the research conducted by the Bell Telephone, du-~ 
Pont., General Motors, General Electric, and any number of the large corpora- 
tions. I think it is fair to presume that the main drive for their research 
is the profit motive eventually, although they do a great deal of fundamental . 
research which has no immediate and visible application. I should like your 
views as to the comparative benefits to society of conducting research by the 
profit motive on the one hand and the public service on the other. 
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DR. LEVY: Well, it is a very diffiault thing to estimate. One can only 
give a judgment, not a scientific answer. In the first place I believe that 
an examination of the direction in which science is being financed and is going 
to be financed will indicate that the profit motive as a driving force for the 
prosecation of research is likely to be gradually substituted by the motive of 
public administration and public service. I am making that as a statement for 
myself, but I think that is what is indicated by the trend of events. That is 
not belied by the fact that there are growing large organizations in industry 
which are devoting more and more money to research. That must be taken as part 
of the general trend to devote more and more money to research altogether. ‘The 
next point is whether you get better results from the private endowment of re- 
search. Now, that is not a simple question in the way in which you have asked 
it, beeause private endowments of research operate in an atmosphere in which 
science has attained a certain academic standard with regard to the pursuit of 
knowledge, and it would be impossible at the present moment to run any private 
industry with a research laboratory in which you did not bring in people who 
had the tradition of academic research besides having to apply that tradition 
of their work to a limit. 


Take a well known electrical concern in England, for example, which 
makes lamps and valves and wireless sets, etc. Well, now, the atmosphere of 
research in this concern is almost the atmosphere of a government research 
laboratory or a university research laboratory--almost. There is a certain 
stress in the application of the industry, which is natural. You expect that. 
But the company doesn't take people from birth and train them up to the labo- 
ratory;they draw them from universities and other academic institutions, and 
from the National Physical Laboratory, and so they have university electri- 
cians and university professors, who have been attracted to come there. 

These privately endowed research laboratories working for industry necessarily 
have a personnel with an academic background and with an academic tradition. 


DR. SEEGER: Dr. Levy, I found your talk last night so stimulating 
that it raises a couple of questions in my mind. Whenever we start 
out planning, we must have an objective in mind. Then it seems to me . 
that you are getting something that is likely to be static, and that as a 
matter of fact the group that has a plan. in mind will tend to keep that plan 
going, and the question that arises in my mind is who is to do the planning, 
and particularly is that possible in a democracy? Who is to choose the ob- 
jectives of the plan, and who = to determine when the phen is to be changed 
in @ democracy? 


DR. LEVY: Well, the point you are raising is of fine importance, but 
I think the answer is to be found not by asking me but by trying it. This 
isn't a theoretical point we are discussing. We are discussing the theory of 
& practical point. Even the planning of an experiment is a tentative thing, 
and as soon as you put the apparatus up and you discover you have omitted to 
take account of such and such a fact which turns out to be important, you re- 
construct your plan to that extent. I am assuming this is done in a scienti- 
fic way, and therefore I am assuming that the people who plan, and the admin- 
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istrators concerned with it, have a scientific understanding of what they are 
doing and transform their plan as they go along. They must understand the 
relationahip of themselves to the plan and of the plan to the commnity. The 
objective that they have in mind undergoes a change of the patterns we were 
talking about last night, cause and effect, and the whole thing being perpet- 
ually transformed. If we can bear that in mind as & necessary process of 
change in a plan, then we got away from a static concept. We under-cut it by 
saying, “Let us think in adwance what are likely to be the successive plans 
through which wo have to go." As soon as we think of that, we begin to 
change it. Who is to make a plan? Ina democracy there is a government that. 
is determined presumably by the will of the people who have to be educated 

to understand what advantages can accrue to the people by scicntific plan- 
hing within a limited field, but the right to do that must come from the 
people through the government to the particular planning commission, but it is 
limited in the rights it acquires. 


DR. SEEGER: I can see how this could be very effective in a totalitar- 
ian state, but--I em just thinking out loud--it seems to me that a democracy 
is not a very efficient way of achieving scientific planning. 


DR. LEVY: Well, I don't know. What you are saying is that in a total- 
itarian state in which your population is regimented, you could carry through 
your plan. 


TR. SEEGER: Yes. 


DRe LEVY: I say that is a static way of looking at it because if your 
people are regimented they presently will not like your plan and that plan 
will undergo a transformation as people begin to resist its application. A 
totalitarian state is a temporary phase where people have been mde into 
machines. That is the kind of planning which will have to be transformed. . 
You have to think of a sequence of plans in a totalitarian state. We are 
tolking about a sequence of plans in a democracy. You may think one in the 
first stages may be more efficient than the other. I am suggesting that the 
democratic method is likely to give you a community afterwards which really 
understands the objective of the plan, sympathizes with it, and helps it for- 
ward. We needn't discuss the relative merits of a totalitarian planning and 
a democratic planning. We have a democracy. If you are suggesting we 
shouldn't plan in a democracy, you are suggesting that we should carry on our 
work with less intelligence and understanding than we might otherwise do. 


MR. TRULLINGER: Following that line of thought, Dr. Levy, I believe 
it would be interesting to get your opinion on how it is possible in a democ- 
racy to keep the right balance of emphasis on the importance of scientific 
work or scientific research. You built yesterday a most dramatic picture of. 
the chromatic scale, the color spectrum, & picture of emphasis on the various 
features of scientific endeavor--scientific research and scientific thinking-.» 
which to us means very largely a picture of the amount of financial support. 
That financial support represents the distribution of the interests of so- 
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ciety, and in a democracy, as we see it, that interest of society is built 
up on very definite needs. During the World War, early in the World War, 
the scientific minds of the Central Powers were in considerable disrepute © 
because of their unusual attainment in the application of science to mili- 
tary procedure. They were looked upon as wearing horns and things of that 
kind. A little later, however, the scientists of the Allies met science 
with superior sciences, and the result is history. In other words, as we 
see it, the emphasis on science and the status that science carries in the 
public mind is likely to go up or down, and is almost sure to be expressed 
in terms of financial support. I should like to ask whether it is worth 
while to have a balance of support so that these different phases of the 
spectrum will balance each other, and how in a democracy that can best be 
brought about. 


DR. LEVY: Well, that is, of course, the whole problem. In the past 
we have had a spectrum, but it has not been planned. It has just come 
about by higgledy-piggledy endeavors of this little group and that little 
group. With the government departments there has been a plan in a sense, 
* but an unconscious plan. How can we make a conscious plan? We can make a 
conscious plan to the extent to which we understand what we are trying to 
do, and therefore the plan must go on approximating greater and greater 
clarity as we understand more and more. Who can understand and who can con- 
vey the understanding? In their own limited field, scientific men under- 
stand. It wouldn't be an impossible thing to take all the people here and 
get comparative unanimity about what the distribution should be, provided, 
of course, their own personal interests were not involved. Now, however, 
if you group the agricultural, physical, chemical, and biological sciences 
with the social sciences, it would be different. The people would say,"Well, 
I don't really know exactly what the balance between these various things 
is." And yet there are people who are obliged to make such judgments. How, 
therefore, can we enable the people who have to make a judgment to make a 
surer judgment? The way to do that surely is for those people who have re- 
ceived training in one field to receive training also in another field on 
a wider setting so they can.unify the two. 


Let me take again for that purpose an industrial concern where 
they have a research laboratory, and a works or development laboratory. The 
scientific work done in the research laboratory is applied in the develop- 
ment laboratory before it goes to the factory, and then finally you have the 
factory. You have the three sections--the scientific laboratory, the develop- 
ment laboratory, and the factory. Each of these and together must be admin- 
istered, and they have to be administered by people who understand the tech- 
nique in all three sections but particularly of one section, so they are spe 
Cialists in one and have a general understanding of the other. They must 
understand administrative problems. It is common experience that you cannot 
bring an administrator with no scientific knowledge into a problem of that 
kind, and it is common knowledge that yom cannot take a scientific man 
' deeply engrossed in science end punch him into an administrator when he. 
doesn't want to be one. At the same time it is also common knowledge that 
the task of the man who has to coordinate all of the lot is one which de- 
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mands both kinds of experience, and it becames merely a question of educa- 
tional practice how you have to train your men to have the knowledge of the 
one and the experience of the other. 


A scheme I outlined some years ago was to take young men at the early 
stage when they came in as research assistants; those of them who were in- 
terested even to a slight extent in administration were given a small admin- 
istrative job to do along with their scientific work, and then if they seemed 
to be broadening their minds at the same time, not remaining the narrow and 
deep specialist but having the broader type of understanding, they were given 
more administrative work, but they always retained a certain proportion of 
scicntific work to do, and so out of it we got administrators who aro still 
doing scientific work. If you take a first-rate scientific man and make him 
entirely into an administrator, my view is that you have made a tremendous 
mistake. A student going into the university, taking a degree in a scientific 
subject, should come out with not only a philosophical understanding of his 
subject but a social understanding of his subject; and these philosophical 
and social notions must be part of his general educational training and his 
scientific training, otherwise you won't get the kind of men that democracy 
needs in order to expand and carry out these plans. When you have the right 
kind of men, you have people in position to interpret the technical side of 
science and to carry it through to your political chiefs or whoever they are, 
to see that these things are clearly explained to them and implemented in the 
right way. However your democracy is organized, these people also become 
publicists to the outside world, to explain what science and scientific admin- 
istration can do for the common weal. It seems to me that you must move in 
that direction, that is, building up organization after organization, but the 
educational drive must come fram the people who understand, and for the 
moment a limited group of scientific men have that vision. 


DR. KELLOGG: It seems to me that theoretically that is excellent, but 
I wonder how we are going “o prevent ideas coming from the top? You are talk~ 
ing about building up, becoming more and more sympathetic as it comes up. 
How are you going to prevent ideas of what showld be done being determined at 
the top, and the people who have excellent scientific jargon then more or less 
twisting and justifying their aims through scientific jargon rather than 
clarifying them through the application of scientific analysis, as ym are 
suggesting. Isn't that a damger? 


DR. LEVY: Yes, there is a danger, of course, but it is only a tempor- 
ary danger. It is the growing pains of our democracy. I remember the early 
days of the National Physical Laboratory in England, when the whole adminis- 
trative staff consisted of people who had never seen the inside of a sci-~ 
entific text book. Then later the scientific staff grew up mainly under the 
impetus of the war, and the struggle commenced between the old form of the 
institution and the new growing scientific contents, and the attempt to clamp 
the scientific staff into the fetters of a government civil service consist- 
ing of clerical people, having to clock in and clock out so many hairs. The 
intellectual output of the scientific men was measured or determined by the 
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number of hours they spent there. 
DR. KELLOGG: I think our group understands that. 


DR. LEVY: Quite. Quite. You mean they appreciate it. Well, those © 
were the early days, but that has been transformed now. The force of circum- 
stance transformed it, and the men who resisted have grown up to take the 
place of the old ones. So you get this mellowing from the inside. It may 
happen suddenly. Changes of that kind may be sither evolutionary or revolu- 
tionary, you sce. If you do it intelligently it is effective. If you do it 
unintelligently it bursts. So we are arguing for intelligence, and I believe 
you ¢an do it that way. There is always graft and people who are playing for 
their own hands, but you must always expect that in a community in which 
people are all different one from the other. 


DR. KELLOGG: Possibly one of the troubles with science--and I don't 
know how we can do anything about it--is that we are always talking to the 
public about something that has already been done. We are always trying to 
sell the citizens an oid horse. Would it be possible for scientists, on 
their own initiative, quite apart from political leaders, to look forward a 
little more in the future and talk about what science may do for the public 
with the idea of selling them a colt instead of an old horse? 


DR. LEVY: Of course, that is dangerous ground. I am not objecting 
to it; I think it is a good thing, but one has to face the dangers. There 
are two dangers. One is that you lay out a sort of Utopia and say, "This 
is the kind of world we shall live in in the future." But people say, "How 
do you get there?" Hogben does it in his book, you see. As a scientific 
economist he tells you what science might do. But the important thing is to 
get out of the present mess. I mean we want the pathway from here to there, 
which is just as important as the "there." So there is danger of building 
up a Wellsian Utopia and not know how to get there, and that diverts the 
energy of the people from the actual activity of getting on to it. I call 
that a calamity. It is a form of escapism. 


DR. KELLOGG: I think that is absolutely right, and in a democracy I 
would put more stress on the way to get there than on the end. 


DR. LEVY: Yos, we ore suffering from that very thing in England 
where the stress is severe, a large number of writers showing ways of escape. 
They don't do it deliberately. 


. KELLOGG: That is the hig danger, as I see it, in the so-called 
static ee to look at it as a bunch of blue prints; you get into that 
difficulty every time. 


DR.e LEVY: That is a terrible danger. The thing to overcome that now 
is to make a survey of the kinds of activities in the community that don't 
involve so much judgment as scientific knowledge. I am making a distinction 
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between a knowledge of scientific facts and the importance of the judgment 
of scientific facts. They both involve ethical, moral, religious, and 
political considerations. Even in scientific work you cannot help but 
make a selection of the facts. The individual who runs a public utilities 
company is primarily an expert. He is a man who is skilled in the scientific 
administration of a job that has a particular social objective. Of course, 
we want an intellectual, cultured expert of the type we have been talking 
about, but there is no moral consideration necessarily involved in it. We 
hope he is a moral man that won't escape with the funds, but at any rate 
the moral and political considerations have nothing to do with the question: 
does he or does he not understand his job? You select the man who under- 
stonds his job, and he is free of all political interference. It scems to 
me that that is the thing the scientific men must stand fore They must 
label the jobs in a community that require technical people, and I am using 
"technical" in a very wide senscoe I say it is a dangerous subject, because 
I have found to my surprise--I didn't know this before--that many of the 
jobs that we ley down in England as tochnical are political jobs in the 
United States. I didn't appreciate that. I may be wrong. Correct me if 

I am wrong. Take, for instance, running a post office in a town, which seems 
to me a problem in administrative ond technical knowledge in a wide sense; 
I find that some postmasters here come in and go out when the political 
Situation changes. What if every time the political situation changed the 
mathematician who was employed in the department had to lose his job and 
another mathematician had to come in? We just don't have that view. I 
want to describe the difference between two democracies, that is all, not 
saying one is bettor than the other; but it does scem to me that there 

must ultimately be e convergence of all democracies in the sense that each 
democracy will eventually designate those particular things within it that 
are specifically skilled technical jobs and not determined by political 
considerationse By some means or other any political tinges, either in 
their economic basis or in the way they are applied, must be exposed and 
made clear. By the force of public. opinion and by the force of scientific 
clarity it should be finally established that such and such posts are no 
longer at the beck and call of political chiefs. I ought not to say that. 
I am just giving you what is the impression that I have acquired. 


DR. BELL: I was interested in your discussion yesterday of an inter- 
play between science and society, in which society may forge ahead a little 
way and bring up society a little bit, whereupon society gets into a war 
which exerts a suppressing influence. That keeps going on generation after 
generation. The thing I am wondering sabout is whether as a result of your 
study of the history of science and of society there has been some progress 
meade as a result of this constant advance in science in spite of the ups end 
downse Are we going to a higher level or are we headed down and out? 


DR. LEVY: The very fact you can ask thet question is an indication. 
I remember as a small boy I used to go to a religious class, and I had a 
brother who was rather irreligious, and he used to put me up to asking questi 


Seminar X -~ 260 — 


of the teacher, and one of the questions he persuaded me to ask was "Could 
God make a stone so big that He couldn't lift it?’ which was a very clever 
question. Hither He couldn't make the stone, in which case He was limited, 
or He couldn't lift it, in which case He again was limited. I, in my inno- 
cence, if you could call it innocence, asked the question, but the teacher 
knew exactly where it came from. He said, "You go and tell your brother if 
God can make a boy who can ask a quéstion like that, he can do anything." 
All I am saying is that if you can ask a question like that it implies we 
have reached a point of clarity in the understanding of history and histori- 
cal processes that hadn't been acquired by previous generations. It has 
only been a short timc, indeed, that we have been able to turn down the 

film of history, as it were, and see the successive pages of history through 
which people have come, and see a pattern at all. 


Most of us were brought up in school with the idea that history was 
made by great men, just as we were taught that science wasmade by great men. 
Of course it was, every bit of it, and the grea men always worked within ~ 
@ certain framework, social and economic background, out of which they drew 
their nourishment, but the tremendous advance was made by the small men. 

The great man stands on the shoulders of an enormous number of small nen, 
and so on; the whole thing is interlocked in that way. And the history of 
science, like general history, is a thing with a pattern in it. The fact 
that we have reached the stage of seeing that pattern means we have reached 
a new level, and that has come out of the industrial revolution, because 
having seen the ordinary pattern of physical nature and having a certain 
pattern in the evolution of men from lower stages, we are now at the stage 
of seeing the interconnection between the two. The greater the understand- 
ing, the greater the capacity to control, and I believe that democracy is 
the kind of social institution that ultimately can achéve full control of 
its own future. 


DR. BLAISDELL: What you have just said bears on a question that has 
been forming in my mind for the last few minutes. As a scientist, would you 
care to speak on this question: what does the future hold in the way of 
international organization in the light of the kind of world that science 
has produced? 


DR. LEVY: I think we are passing from the stage of having created a 
democracy or the beginnings of a democracy here, there, and everywhere in 
different parts of the world. The whole of Europe and the world is struggl- 
ing to throw off the terms of the old. It may take a long time, it may take 
20 years, but we are boiling through that stage, and out of that will come 
a new organization 6f society in which the old knowledge of the people will 
be used to the fullest extent. I see it all over the country and in England. 
We are the people who are trying to clarify our minds and see the direction 
in which that change can come. It is actually happening in the community. 

As the boiling is taking place, there are minds concentrating on the question 
of how to direct the course of events; but how can it be directed in the 
middle of the boiling? At the last minute we suddenly wake up to the fact 
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that the world has fallen about our ears. If we had thought about it earlier, 
we could have done something about it. To me it is amazing on a morning like 
this to discuss a question like that. I remember in 1919 writing articles in 
English journals begging scientific men to desist from the application of sci- 
ence to the.indiscriminate production of weapons of warfare without any con- 
sideration of how they were going to be used. There wore other people besides: 
myself, and it has taken 20 years; after 20 years an enormous number of people 
are alive to it, but it is a critical situation now, and all we can say is, 
"The course of history has never run smoothly. It has boiled up periodically. 
You of the United States I think can learn tremendously today from the lessons 
of Europe; and just as the English and French democracies are learning rather 
lote from the lessons of central Europe, so the United States can learn from 
England the lesson. which she has learned so late. It takes a longer time | 
for a wave to cross the Atlantic than it does to cross the North Sea, and dur- 
ing the time the earthquake wave is moving, the United States can get ready 
for the shock. You have to hurry. 


DR. BELL: Would you be willing to indicate some of the lines in which 
you think we can learn from the European situation? 


DR. LEVY: These are rather political, I am afraid. 
DR. BELL: You may not want to go into it. 


DRe LEVY: But I think it is important, apart from the political side 
of it. It is important to recognize the necessity for scientific men to share 
their. knowledge and understanding with the non-scientific members of the cam- 
munity. I don't mean to popularize science. I mean branching out into the 
problems that are important to non-scientific people, and bringing scientific 
methodology to bear on it.* In the process they change their own methodology. 
they change their own method of approach. That unification is absolutely es- 
sential, and it is essential to break down the traditional objection to sci- 
entific men doing that. When we began to do that in England 20 years ago, al’ 
the scientific men got very sniffy about it and said, "Well, he is doing 
politics," or, "He is doing journalism, or phitosonie: why doesn't he just 
keep to his science?" We must break that down. 


Theory and practice must go hand in hand. You may want to gct back 

to the laboratory, but if you are talking about science and society you are 
telking about science in society, not in the classroom or in the study. That 
is static. And that is the lesson I think that some of us have learned in | 
England but have been unable to apply. We have attempted to get university 
departments to set up departments of scientific affairs, philosophy, sociolog 
of science, a methodology of science, history of science, but that has been 
quite impossible in England. I have been struggling with that for years. We 
can't get the money. Of course, the situation is too tense. We can't get 


* Compare with the last page of thc Morris seminar, p. 195. 
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people to appreciate its importance properly. But you can see its long range 
importance and you can build them up. For heavents sake build them up while 
the going is good. 


DR. SEEGER: I have amother question along this line of methodology. 
I gathered from what you said yesterday that the scientific method would prob- 
ably take on different colors in different fields. Is there not a danger in 
our taking a method that is not fully developed at the present time and mak- 
ang applications of it? 


DR. LEVY: No. 
DR. SEEGER: No? 


DR. LEVY: Because if people had always taken that line, we should 
have had no science. How did we get our science? Men made applications of 
a method that was not fully developed. Men made discoveries and afterward 
developed the method. You have to go and do something in order to discover 
that what you were trying to do was wrong, but when you have discovered that, 
you have discovered something. That is the positive side of it. If you dis- 
covered also that the things you were asking before were rather a foolish 
question, then next time you wouldn't ask that kind of question. 


Every scientific experiment involves an addition to the scientific 
method. In exactly the same way, when we come out of the laboratory and 
take part in social affairs we shall discover the weakness of the ordinary 
processes of physical science. The process is one in which you stand here 
and the..experiment is there, and you may have no effect on the cxperiment, 
having set it going, turned on the knob if you like, and it goes through its 
process. If you are not quite certain it is right, you set it up, you turn 
the knob again, and it repeats. This capacity for repetition is an essen- 
tial part of a physical experiment, but where did you ever see anything re- 
peat in nature? What we are discussing when we are dealing with social af- 
fairs is a changing pattern of a non-repetitive nature. There is something 
underneath it deeper still which you can say is repetitive. For instance, 
successive stages of understanding are repetitive but the different stages 
are different. This moming's talk has changed us all, you and me,we are 
differont for the experience. We couldn't all go out and say, "Let's start 
agoin now." We can't do this experiment again. A social affair is not a 
thing that is repetitive like a science experiment. You would know from 
your own experience that people are different from an experience. A machine 
is not different from an experience——not to any significant extent--so it 
can repeat. 


DR. SEEGER; Are there certain definite laws of change relating to 
human actions? ; 


DR. LEVY: Yes, there must be certain definite laws of change. Take, 
for instance,London on Saturday afternnons. There are thousands of people-— 


\ 





~ 263 - Seminar X 


et least 200,000 people--who go to football matches. There are three or four 
large football grounds, and if you were in an airplane looking down on London 
you would see the mass movements of people going out to the football grounds-- 
if you could see them. Actually they go by underground, by subway. The rail- 
road company knows roughly how many people are going to go to each particular 
place, when they are going and when they are coming back. So here is a social 
regularity on a Saturday afternoon in Londom. It is a social custom, if you 
like, and it is a numerical one. You can measure it in the ordinary way in 
which you can measure a statistical phenomenon. To cope with that regularity, 
the underground railroad company and the bus company runs a regular service 
which it speeds up and increases in number just at the critical points and 
critical times. You see the regularity among human beings--a social regular- 
ity--being built up by the social organization and organized institution of 
the commnity. These two are Linked together, one reflecting itself in the 
other. JI could take any one of the people going to the football match and I 
could say, "How did you came to make up your mind to go to the football match? 
and he will give me a tremendously complicated explanation of how he decided 
to go, a struggle of his free will with this, that, and the next thing, and 
finelly the real outcome was he went to the football match. But the railroad 
company is not interested in them as individuals. Out of the struggle of the 
mental decisions of these people as individuals there emerges a regularity, 
and the railroad company would be entitled to say, "Here are all mr people 
exercising their free will. Here is the law of the free will in the mass." 

It is a unification between individual freedom and group regularity; group 
regularity showing itself in individual activity. These are laws of group 
behavior, and therc mist be processes of change that go on. 


DR. BLAISDELL: Would you go so far as to say that those laws of 
group behavior are in any way comparable to the so-called laws of physical 
nature? 


DR. LEVY: Yes, I think there are certain similarities and certain 
dissimilarities. For example, there are definite laws describing the drift 
of the stars. These are regularities in the heavens. Individual planets, 
and so on, are moving about in all sorts of higgledy-piggledy ways, but - 
there are cortain regularities that can be discerned, and the same thing 
applies to these human beings. But on the other hand we have to remember 
thet these human beings are conscious beings. They are not pieces of matter. 
They are not pieces of material that arc flying about. So you gct laws that 
are specifically for inert matter, od you also get different kinds of laows-- 
we call them laws--descriptions of behavior for conscious matter. You can 
see the difference quite clearly. Newton will describe the law of behavior 
of. a particle shot into space and make a prediction accordingly; but if I 
say to you: "What is so-and-so like? What sort of fellow is so-and-so?" 
You say, "Oh; well, he is the kind of man that if he borrows a dollar from 
you, he doesn't pay it back." That is a regularity he has. That is his re- 
guler form of behavior. You see, he is really tolling you something about a 
characteristic that shows itself in a varying environment or a specified 
environment. He has such and such a characteristic. It is the beginning of 
the laws of a living individual. But of course he is much more complex than 
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that, because you might say, "Yes, also he is the kind of a’fellow that if 
he hears me saying he doesn't pay the dollar back, he pays you back."" §o he 
is a little more complex, you ses. When we are talking about a conscious 
particle, we are talking about something that still has regularities in it, 
but much more complex than the material particle I was talking about. Groups 
also have regularities. Insurance companics use them. 


MRS. MILLER: What do you think of the methodology that you mentioned 
yesterday—a new committee that the British Association has set up, whose pur- 
pose’ is specifically the rclationship of science to some of the more social 
aspects of affairs? Do you think that is preferable to a person-to-person 
approach? It is not an either-or affair, but where do you think the emphasis 
is more likely to be comlucted? 


DR. LEVY: To begin with, I agree with you, it is not an either-or 
affair. They can go along side by side, except that people having limited — 
energy can't do both to the fullest extent, but my view is we must see human 
change at its different levels of law behavior. There are individual laws 
which I mentioned a moment ago, which would, when put into operation, involve 
the personal relationship, by the peoplo passing on the knowledge of propa- 
ganda, call it if you like, from onc person to the othor. Then there is the 
group activity which then lays down the action within which the individual 
is conditioned and brought up, and therefore I believe it is better to do it 
in terms of the group laws and the conscious direction of group lays. Itis 
better to do it by bringing organizations into being which consciously are 
plonning to spread this kind of knowledge throughout the larger sectiom of the 
community. It is part of the process of education. There is the thing called 
P. E. P. in England--Political and Economic Planning, which collects data and 
attempts a certain amount of interpretation. These people are represented 
under a new division of the British Association. There are other study cir- 
cles and groups of various kinds doing specific jobs for the new division, 
and they are taking it in earnest. 


DR. BLAISDELL: Dr. Leyy, is science absolutely purposcless as you 
inferred yesterday without actually saying so? 


DR. LEVY: I don’t say it is purposeless. I say my view is that if 
you take a film of history and you put humen beings on it fran the early 
state up to the present date and see the various stages of society and the 
kind of science produced at each stage, you can see what the historic pur- 
pose was at each stage. It was to create the next stage. There were faces 
at work in each stage transforming into the next, transforming the feudal 
system into the mercantile system, transforming the mercantile system with 
its craftsmen into the industrial system. You can see that the activity of 
the people in the feudal age was to create the knowledge and understanding 
required to bring into creation the next. level of social development. 


DR. MILLER: Yesterday when you referred to the disappearance of the 
feudal system and the growth of the industrial system it sounded to me as 
though yow tied it up with the growth of democracy. Was that a correct in- 
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terpretation? 


DR. LEVY: Yes, I think that democracy has necessarily grown out of the 
activities of the industrial systen. . 


DR. MILLER: I tell you why I am asking that question. Same of us who 
are somewhat superficial students of history are rather inclined to agree with 
Bryce*s prophecy in regard to democracy in this country. That was that as the 
rural communities lost power and the large cities gained power, and these cor- 
rupt gangs came up, pure democracy would suffer. 


DR. LEVY: Well, pure democracy is an abstraction. My idea is that in 
creating a democracy humen beings are creating a way of living in which they 
can control their omn future in the most effective way, with an understanding 
of what they want to produce, what they want to creatc, and you can see the 
gradual process by which people have came to acquire that understanding. If 
we look at the growth of the democracies in the 19th century, we run away with 
the idea; at least in England we have the idea that the English democracy is 
democracy and there is something wrong with the American democracy, and then 
we come across here and people here think American democracy is better. 


DRe MILLER: We may both be right. 


DR. LEVY: Of course, they arc both different aspects of the same 
general thing, and French democracy, too; but there are others--Russian democ- 
racy. <A Russian worker told me on one occasion when I was there in 1934, "We 
have a meeting every month in which we discuss the running of this.factory. 
Every worker in the factory that has anything sensible to say has a right to 
get up and say it. There is no nonsense about ite He has equal right with 
anyone else. If he talks nonsense, he is shouted down, but if he talks common 
sense it is discussed." He said, "Can you do that in England?" JI said, "No, 
the industry is owned by somebody who doesn't like that kind of criticism. 

He knows best." He said, "You call that a democracy?" I said, "Well, we can 
do other things you cnn't do." He immediately put me on the defensive. He 
did have a freedom thet was absent in my country. We had become so accustomed 
to the absence of it that we didn't feel it as a restriction. Here are two 
different kinds of democracy. that is all. Here are people living in two 
different economic social environments in which they are both working out thei 
own salvation in their own way. JI believe in the ond they will all converge ~ 
because people have to find the same way of living as human beings. They may 
be starting from different points of the corpass and coning towards the centre 
in different ways. We must view the democracies as boing different forms of 
democracy in different coumtries. British democracy and Amcrican democracy 
began at the beginning of the industrial revolution. It began when it became 
necessary to use people to do machine work. I saw it clearly when I was in 
Russia. There you had a population that was largely illiterate and here they 
were trying to introduce a machine age in factories in a country that had no 
factoriss. They couldn't read blue prints, couldn't read end write. There 
were no books. They wanted people to make machinery, and they couldn't count, 
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they couldn't measure. In order to train them to do these things they had 
to teach them to read, write, do arithmetic, do mathematics, read blue prints, 
design this and that, had to educate them in the modern sense. You can't pro- 
duce a machime age without producing en educated democracy because educated 
people ask rights. Thcy may not get them yet, but as sure as fate, make 
people intelligent and understanding and they ask for freedom. That is part 
of the nature of human beings. They are asking for the right to expand and 
control some of the things we are discussing now. So in the early 19th cen- 
tury when the early machinery began to be devised out of the work of the crafts- 
men, production became greater. You had developed a population which had to 
work machines. We brought them together, a dozen of them, instead of each one 
doing his awn job. Each man was talking to the man next to him on the bench 
instead of wandering in the fields week on end never seeing a soul, having no 
conversation of any kind. You developed a different people and these people 
having come out of that are tho democracy. A technological age created a 
democracy. It gave them a power over nature which they demanded they should 
exercise, and what we are witnessing today is the coming of that technological 
age, creating on the one hand control over natural materials, and on the other 
hand a people who are asking to be sable to do it, and the function of science 
is to unify these two. That is all. So we will get a democracy controlling 
its own future. 


\ 59 


—— 

















A treenaic-anamegs we 





